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STANDING COMMITTEES. 
(Required by Constitution, President must fill.) 


EXECUTIVE COMMITTEE. 
(Officers Ex-Officio and four Directors.) 


SCHUYLER SKAATS WHEELER Chairman. 


JOHN J. CARTY. SAMUEL SHELDON. 
С. О. MAILLOUX. GANO S. DUNN. ° 
GEORGE A. HAMILTON. RALPH W. POPE. 


EDITING COMMITTEE. 
(One Director and two others.) 
CHARLES L. CLARKE, Chairman. 
GEORGE F. SEVER. CALVERT TOWNLEY. 


COMMITTEE ON FINANCE. 
(Three Directors.) 

JOHN J. CARTY, Chairman. 
HENRY G. STOTT. J. G WHITE. 

COMMITTEE ON PAPERS. 

(One Director and four others.) 

SAMUEL SHELDON, Chairman. 

F. A. C. PERRINE. HENRY G. STOTT. 
BANCROFT GHERARDI, HENRY A. LARDNER. 


BOARD OF EXAMINERS. 
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CHARLES L. EDGAR. GEO. A. HAMILTON. 
JOHN F. KELLY. | SAMUEL REBER. 

T. COMMERFORD MARTIN. FRANK J. SPRAGUE. 
CHARLES F. SCO | asc OE WOLCOTT. 


REPRESENTATIVES ON BOARD OF AWARD, JOHN FRITZ MEDAL 


CHARLES F. SCOTT. JOHN W. LIEB Jr. 
ION J. ARNOLD. SCHUYLER SKAATS WHEELER. 


SPECIAL COMMITTEES. 
(Such Committees as the President may decide to appoint.) 


COMMITTEE ON LAW. | 
С. О. MAILLOUX, Chairman. 
CHARLES A. TERRY. RALPH W. POPE. 
JOHN J. CARTY. JOHN W. LIEB, Jr. 
BUILDING FUND COMMITTEE. 
T. COMMERFORD MARTIN, Chairman, 


JOHN J. CARTY. JOHN W. LIEB, Jr. 
CHARLES L. EDGAR. FRANK J. SPRAGUE. 
J. G. WHITE. 
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HENRY S. CARHART. ROBERT B. OWENS. 
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Boston, Mass. 


R T. MACKEEN, 
14 King Street. 


Toronto, Ont. 


H. R. ALLENSWORTH, 
Engineers' Club, 
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GEORGE C. SHAAD, 
University of Wisconsin, 


Madison, Wis. 
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710 Girard Trust Bldg., 


Philadelphia; Pa. 
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University of Colorado, 


Boulder, Col. 


F. A. FISH, 
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H. R. KING, 
Western Electric Co., 
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Lehigh University, 
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Ohio State University, 
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J. W. ESTERLINE. 
Purdue University, 
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University of Illinois, 
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CHARLES G. EDWARDS, 
Electrical Commission, 
Citv Hall, Baltimore, Md. 


R. NEIL WILLIAMS, 
Union University, 
Schenectady, N. Y. 


PHILANDER BETTS, 
“ The Northampton,” 
Washington, D. C. 


W. R. COLLIER, 
230 Lawton Street, 
Atlanta, Ga. 


W. S. WHEELER, 
711 Twenty-Third Avenue, 
Seattle, Wash. 


C. E. FREEMAN, 
Armour Inst. of Technology, 
Chicago, Ill. 


C. H. GILBERT, 
11 Harvard Street, 
Worcester, Mass. 


A. S. LANGSDORF, 
Washington University, 
(Wash. Univ. Branch.) St. Louis, Mo. 


L. S. OLNEY, 
University of Arkansas, 
Fayetteville, Ark. 


C. S. KENNEDY, 
University of Michigan, 
Ann Arbor, Mich. 


Н. Н. BARNES, Jr., 
Stanley-G I. Elec. Mfg. Co., 


Pittsfield. Mass. 
A. H. BABCOCK, 


Merchants’ Exchange Bldg., 
San Francisco, Cal. 
W. P. GRAHAM, 
Syracuse University, 
Syracuse, N. Y. 


б 
APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 
following candidates for election to the INsTiTUTE as Associates, 
and will be considered by the Board of Directors at a future 
mecting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretarv before Feb- 


ruarv 23, 1906. 


4879 
4840 
4881 
4882 
4883 
4ASS4 
4555 
4886 
4557 


Wiliam J. Thompson, 
Isaac M. Post, 

Ralph H. Robinson, 
Arthur V. Smith, 


5 Isaac M. Cassell, 
} Wallace W. Briggs, 


Edward L. Haines, 


S George A. Iler, 


Herbert W. MacVaugh, 
Eliot W. Niles, 
Thomas M. Gardner, 
George W. Stewart, 
Earl Wheeler, 
Chauncey L. Allen, 
Lawrence Р. Crecelius, 
Homer H. Fulton, 

Carl Mentelius, 


New York City. 
Glen Ridge, N. J. 
San Francisco, Cal. 
Wilkinsburg, Pa. 


W. Lynn, Mass. 


San Francisco, Cal. 
New York City. 
Thomas, W. Va. 
Pittsburg, Pa. 
Boston, Mass. 
Urbana, Ill. 
Melbourne, Vict. 


. Washington Barracks. 


Utica, N. Y. 

St. Louis, Mo. 
Brooklvn, N. Y. 
Stockholm, Sweden. 


455S George Н. Morse, Lincoln, Neb. 
4889 Patrick G. O'Hara, Schenectadv, N. Y. 


4890 
4891 
4892 
4593 
4494 
4495 
4490 
4897 
4595 
4809 


Ivan A. Ofverholm, 
Willard C. Sharp, 
William F. Weber, 
Baxter Revnolds, 
Fred L. Collins. 
William Darbee, 
Ludwig Arnson, 
Walter À. Harper, 
Charles T. Phillips, 
Charles S. Winston, 


Stockholm, Sweden. 


‘New York City. 


Bronx, N. Y. 
Utica, N. Y. 
Chicago, Ill. 
Brooklvn, N. Y. 
New York City. 
London, Eng. 
Seattle, Wash. 
Chicago, Ill. 


4900 Albert E. Fav. Bloomfield, N. J. 
4901 Wiliam F. Dean, Montreal, Can. 
4902 Ford W. Harris, Wilkinsbury, Pa. 
4903 George E. Havler, Joplin, Mo. 


4904 Vallette L. Benedict, 
4905 John D. Curtis, 

4906 Edwin T. Phillips, 
4907 Harvey F. Connell, 
4908 Raymond Dill, 

4909 Leo Dolkart, 

4910 Franklin J. Mayer, 
4911 C. J. Ratterman, 

4912 William W. Torrence, 
4913 Philip H. Harris, 

4014 T. S. Swaminatha Iyar, 
4015 Atlee H. Tracy, | 
4916 George E. Munroe, 
4917 John L. Curtiss, 

4918 Charles M. Hackett, 


Schenectady, N. Y. 
New York City. 


Flushing, L. I., N. Y. 


Syracuse, N. Y. 
Norwood, O. 
Moline, Ill. 
Madison, Wis. 
Cincinnati, O. 


Schenectady, N. Y. 


Raleigh, N. C. 
Bangalore, India. 
New York City. 
Minneapolis, Minn. 


Schenectady, N. Y. 
Schenectady, N. Y. 


4919 Theodore J. W. Van Wart, St. Johns, N. F. 
4920 Edward C. Dickinson, Elgin, Ill. 

4921 Albert H. Cross, New York City. 
4922 Havilah Beardsley, Joplin, Mo. 


4923 Wallace Boulineau, 

4924 Blydon E. Kenyon, 

4025 Fred A. Rogers, 

4926 Maurice A. Viele, 
Total 56. 


APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO 
MEMBER. 


(Any objection to these transfers should be filed at once with 
the Secretary.) 
Recommended for transfer by the Board of Examiners, Dec. 
6, 1905. 

WiLLIAM Н. Віоор, JR., Electrical Engineer, 84 State Street, 
Boston, Mass. 

Lovis A. Herpt, Assistant Professor Electrical Engineering, 
McGill University, Montreal, Canada. 


Asheville, N. C. 
Austin, Texas. 
Chicago, Ill. 
New York City. 


\ 


Recommended for transfer by the Board of Examiners, Jan. 
3, 1906. 
WiLLIAM PEsTELL, Electrical Engineer, Worcester, Mass. 


HERscHEL А. BENEDICT, Electrical and Mechanical Engineer, 


Albanv, New York. 
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MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New York, Friday evening, 
December 15, 1905. President Wheeler called the meeting to 
order at 8:30 o'clock. | 

The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 3S Associates 


elected, as follows: 


BAKER, HvcGH Cossart, JR, Construction Depart- 
ment, New York Telephone Co., 30 Gold St.; 
res.. 202 W. 74th St., New York City. 

Brown, Roy Wircox, Manager, Globe Electric Con- 
troller Co., 209 Guy Park Ave., Amsterdam, 
М.Ү. 

BROWNELL, МиллАМ НЕхкү, Operator in charge, 
Ontario Power Co., Niagara Falls Center, Ont. 


CUTCHEON, | 
Electric Dept., St. 
Paul, Minn. 

Dawson, Wirtttam Francis, Designing Engineer, 
British Thomson-Houston Co., Ltd., Rugby, 
Eng. 

De Martie, James M., Sales Engineer, National Bat- 
tery Co.; res., 371 W. 120th St., New York 
City. 

Dicktnsonxn, RAYMOND NETTLETON, Switchboard Op- 
erator, Hartford Electric Light Co.; res., 130 
Putnam St., Harttord, Conn. 

Еллотт, \УпллАм Henry, Signal Engineer, New 
York Central & Hudson River R.R., Room 
1245, Grand Central Station, New York City. 

FECHHEIMER, CARL J.. Assistant Engineer, Bullock 
Electric Mfg. Co.; res., 3442 Reading Road, 
Cincinnati, О. 

FieLD, Roy ALBRIGHT, Superintendent, Rome Gas, 
Electric Light and Power Co., Rome, N. Y. 


FREDERICK RICHARD, Superintendent, 
Paul Gas Light Co., St. 


Forp, WALTER STEBBINS, Instructor, Cornell Uni- 
versity; res., 804 E. Seneca St., Ithaca, N. Y. 


GiLCHREST, CHARLES CHANDLER, Telephone Engi- 
neer, Western Electric Co., 463 West St., New 
York City; res., 67 Montague PL, Montclair, 
NT: 

GorpiE, MaTTHEW McLean, Electrical Engineer and 
Contractor, W. H. Kidston & Co., Murray St., 
Perth, W. A. 


G. C. Allen. 
Т. Т. Cowling. 
E. Н. Everit. 
H. C. Wirt. 
C. E. Freeman. 
G. A. Damon. 
L. G. Robinson. 
H. H. Wilson. 
J. A. Brundige. 
Н. J. Gille. 
Henry Flow. 
N. J. Neall. 
C. P. Steinmetz. 
H. F. T. Erben. 
W. B. Potter... 
. W. Gillette. 
. E. Clifford. 
W. L. Puffer. 


F. W. Prince. 
R. W. Pope. 
E. F. Lawton. 
B. J. Arnold. 
George Gibbs. 
E. B. Katte. 
H. J. Ryan. 

B. A. Behrend. 
Frederick Bedell. 
C. A. Greenidge. 
J. H. Livsey. 
К. W. Pope. 
V. Karapetoff. 
H. H. Norris. 
А. M. Buck, Jr. 
F. L. Gilman. 
G. ^. Hamilton. 
А. M. Bullard. 


Wm. Maver, Jr. 
К. W. Pope. 


F. L. Hutchinson. 
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GREY, Lewis VALENTINE, Operator, Baker Light and 
Power Co., Baker City; res., Haines, Ore. 


HILLIARD, ae Wyman, Student, General Electric 
Co.; res., 80 Park St., Lynn, Mass. 


Hoac, STEPHEN ASA, Electric and Hydraulic Engi- 
neer, Oregon Short Line Railway Ca., Salt 
Lake City, Utah. 

Hortinc, Levi W., Electrical Engineer, Fidelity 
Electric Co.; res., 316 Pine St., Lancaster, Pa. 


Knipp, CHARLES ToBias, Assistant Professor of Phy- 
sics, University of Illinois; res., 502 W. Illinois 
St., Urbana, Ill. 

-LEGE, FRED MERION, JR., Superintendent, Beaumont 
Ice, Light and Refrigerating Co., Beaumont, 
Texas. 

MasJOAN, JUAN, Student, Ohio State University; res., 
167 W. 9th Ave., Columbus, О. 


MoNascH, BERTHOLD, Electrical Engineer, Allge- 
meine Elektristats-Gesellschaft, N. 4, Schroe- 
derstrasse 6, Berlin, Ger. 

Moss, CHARLES MacLean, Electrical Engineer, West- 
inghouse Electric & Míg. Co.; res., 7728 Kelly 
St., Pittsburg, Pa. 

Parsons, GEORGE, Assistant to Assistant Superin- 
tendent, Westinghouse Electric & Mfg. Co., 
Pittsburg, Pa. 

PATCHELL, WirtiAM Henry, Engineer in chief, 
Charing Cross, West End & City Electricity 
d) Co., Ltd., 60 St. Martins Lane, London 
W. , Eng. 


pc s Ксрогрн, Instructor, Michigan Agri- 
cultural College, Agricultural College, Mich. 


Scott, CHESTER ARTHUR, Electrician, Weidenthal and 
Gosliner, 945 Post St., San Francisco, Cal. 


SHARP, Joux Tuomas, Chief Engineer, Capital Light 
and Power Co., Jackson, Miss. 


SNOWDEN, LAURENCE WILMER, Foreman, Rowland 
Telegraphic Co., 107 E. Lombard St.; res., 2048 
Linden Ave., Baltimore, Md. 

SoxMAN, GEORGE MEADE, Constructing Telephone 
Engineer, Southwestern Telegraph and Tele- 
phone Co., 335 State St., Dallas, Texas. 

SPILLER, FRANK RaLrPH, Chief Operating Engineer, 
Orange Co. Power Co., Cuddebackville, N. Y. 


STEVENS, WiLLiAM Norton, Assistant Mechanical 
Engineer, J. G. White & Co., 43 Exchange P1., 
New York City. 

SWEET, Horace Brimmer, Electrical Engineer, 
Utica, N. Y. 


L. O. Veser. 

G. L. Thayer. 

O. B. Coldwell. 
A. E. Alkins. 

E. E. Boyer. 
Morgan Brooks. 
A. L. Woodhouse. 
P. N. Nunn. 


C. S. Ruffner. 

F. W. Roller. 

J: E. Kershner. 
Joseph Bijur. 
Morgan Brooks. 
Frederick Bedell. 
L. B. Spinney. 
C. W. Davis. 

H. T. Edgar. 

F. A. Jones. 

F. C. Caldwell. 
B. F. Thomas. 
Allan Coggeshall. 


Arthur Simon. 
Max Freimark. 
C. Feldman. 
S. Q. Hayes. 
R. W. Pope. 
P. M. Lincoln. 


. Skinner. 

. Rvan. 

. Ward. 

. Lieb, Jr. 

: |. Preece. 
'. Pope. 
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; Jackson. 
. Swenson. 
Rau. 


. Pahl. 
Kalenborn. 
>, Jolly man. 


Т ow ee Wolcott 
Wm. Maver, Jr. 
R. W. Pope. 

S. B. Austin. 

L. M. Potts. 

S. D. Black. 


A. S. Lindstrom. 
J. €. Kelsey. 

S. Р. Grace. 
Eugene Carpenter 
E. F. Peck. 

E. E. Boyer. 

H. À. Lardner. 

H. N. Latey. 

H. G. Stott. 


C. A. Greenidge. 
F. G. Proutt. 
F. W. Schiller. 
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Tuomas, У/пллАм ArtHUR, Commercial Engineer, I n Klinck. 
Westinghouse Electric & Mfg. Co., Pittsburg, J. P. Jackson. 
Pa. . A: Lardner. 


TscHENTSCHER, RuporPHu, Electrical Engineer, Illi- E. B. Clark. 
nois Steel Co., South Chicago, Ill. А. S. Richey. 

T. P. Gaylord. 

Van ATTA, Roy Epwin, Director and Superintendent, M. A. Pixley. 
Electrical Construction Co., 131 E. Long St., W. C. Flovd. 
Columbus, O. M. C. Hull. 


VINCENT, WILLIAM GERMAIN, JR., Draftsman, Ocean C. L. Corv. 
Shore Railway Co., 561 California St., San H. . Ryan. 
Francisco, Cal. H. H. Norris. 


WEICHSEL, Hans, Draftsman, Westinghouse Electric W. Н. acobi 
& Mfg. Co.; res., 424 Center St., Wilkinsburg, N. J. Neall. 
Pa. Н. С. Specht. 
YouNc, Ernest James, Electrician, Michigan Lake C. E. Torrey. 
Superior Power Co., 905 Swinton St., Saulte I. R. Edmands. 
Ste Marie, Mich. R. W. Pope. 
Total, 38. 


. TRANSFERRED FROM ASSOCIATE TO MEMBER. 


SAMUEL Тномѕом Dopp, Electrical Engineer, Railway Engineering De- 
partment, General Electric Co., Schenectady, N. Y 


MicHaEL B. Еєго, Electrical Engineer, Technical Manager Ferranti 
- Limited, Hollinwood, Lancs., England. 


GeorGE GiBns, Chief Engineer, Electric Traction, W. C. K. & Co., 10 
Bridge Street, New York Citv. 


: ORVILLE HiRAM EnsiGn, Consulting Engineer, U. S. Reclamation Service, 
Los Angeles, Cal. 


Jay Несн Perkins, Manager, Wilkes-Barre Gas and Electric Co., 39 
W. Washington St., Wilkesbarre, Pa. 

The Secretary also announced the death of Е. A. Churchill, 
Jr., of St. Louis. 

Svdnev W. Ashe, Associate A. I. E. E., then presented a 
paper entitled, '' The Relation of Railway Sub-station Design 
to Its Operation.” 

(For paper see December, 1905, PROCEEDINGS, page 1101; 
for discussion on this paper see Februarv, 1906, PRocEEDINGS.) 

C. W. Ricker presented a paper entitled " Some Considera- 
tions Determining the Location of Electric Railway Sub- 
stations.” 

(For paper see December, 1905, PROCEEDINGS, page 1119, 
and page 47, January, 1906, PRocEEDINGS; for discussion on 
this paper see February, 1906, PROCEEDINGS 

Both papers were then discussed bv Messrs. H. A. Lardner, 
W. I. Slichter, J. B. Tavlor, E. M. Hewlett, Schuvler Skaats 
Wheeler, D. B. Rushmore, R. B. Owens, William McClellan. and 
C. P. Steinmetz. 


LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organized. 


BRANCHES, 
Chicago............ Kempster B. Miller. |Н. К. King. 
. 1893 
Minnesota...... „...|Сеог е D. Shepardson.| E. P. Burch. 
Apr. 7, '02 
Pittsburg...........|S. P. Grace. Theodore Varney. 
Oct. 13 '02 
St. Louis...........|H. Н. Humphrey. A. S. Langsdort. 
Jan. 14, '03 
Schenectady....... .|C. P. Steinmetz R. Neil Williams. 
Jan. 26, '03 
Philadelphia........ C. W. Pike. H. F. Sanville. 
Feb. 18 '03 
Boston............ .|C. A. Adams. Н. D Jackson. 
Feb. 13, '03 
Washington D. C...|E. B. Rosa. Philander Betts. 
Apr.9 '03 
Toronto............ R. T.. MacKeen. R. T. MacKeen. 
Sept. 30 '03 
Columbus. ........ .|F. L. Sessions. H. R. Allensworth. 
Dec. 20, '03 


Seattle............. 


Jan. 19, '04 


Mar. 25, '04 


Baltimore.... 
Dec. 16 '04 


San Francisco.... 
Dec. 23 '04 


Chairman. 


C. E. Magnusson. 


1А. M. Schoen. 


.|C. C. Chesnev. 


. .|J. B. Whitehead. 


. |C. L. Cory. <“ 


Secretary. 


W. S. Wheeler. 


W. R. Collier 


H. H. Barnes, Jr. 


C. G. Edwards. 


A. H. Babcock. 


Branch Meets. 


lst Tuesday after 
N. Y. meeting. 


lst Friday after 


N. Y. meeting. 


2d Tuesday. 


2d Wednesday. 


2d Wednesday. 


2d Monday. 


Ist Wednesday. 


Ist Thursday. 


2d & 4th Fridays. 


2d & 4th Mondays 


2d Tuesday. 


3d Thursday 


LOCAL ORGANIZATIONS—DIRECTORY .—Continued. 


Branches Organized. 


UNIVERSITY 
BRANCHES. 


Cornell University. 
Oct. 15, ‘02 


Lehigh University, 
Oct. 15, ‘02 


Univ. of Wisconsin 
Oct. 15, '02 


Univ. of Illinois... 
Nov. 25, '02 


Purdue University. 
Jan. 26, '03 


lo wa State College 
Apr. 15, '03 


Worcester Poly- 


technic Institute. 
Маг. 25, ‘04 


Chairman. 


..|E. L. Nichols. 


Wm. S. Franklin. 


..|H. Н. Scott. 

. JW. Н. Williams. 
ode P. Matthews. 
. .|L. B. Spinney. 


A. T. Childs. 


Syracuse University. |W. P. Graham. 


Feb. 24, '05 


STUDENT MEETINGS 


Ohio State Univ... 
Dec. 20 '02 


Penn. State College 
Dec. 20, '02 


Univ. of Missouri.. 
Jan. 10, '03 


Armour Institute.. 
Fcb. 26, '04 


Washington Univ.. 


Feb. 26, 04 


Univ. of Michigan... 


Mar. 25 '04 


Univ, of Arkansas. 
Mar. 25, '04. 


. IH. C. Bartholomew. 


. .|C. L. Christman, 


.. 1H. B. SFaw. 


,.|C. E. Freeman. 


‚| А. S. Langsdorf. 


G. W. Lamke. 


. .[W. N. Gladson. 


Univ. of Colorado... 


Dec. 16, '04 


Secretary. 


A. M. Buck, Jr. 


William Esty. 


George C. Shaad. 


Morgan Brooks. 


J. W. Esterline. 


F. A. Fish. 


G. H. Gilbert, 


W. P. Graham. 


F. E, Beutler, 


H. L. Frederick. 


D. W. Richards, 


C. E. Freeman. 


A. S Langsdorf. 


C. S. Kennedy. 


L. S. Olnev. 


A. J. Forbess. 


Branch Meets. 


Ist Friday after 
New York meeting. 


` 


3d Thursday. 


Every Thursday. 


Every Tuesday. 


Ist Wednesday. 


Feb. 9, Mar. 9 
Apr. 20, May 11. 


lst and 3d Thurs- 
` days. 


— — Se — у сшщ) 


Every Tuesday 


evening. 
Every Wednesday. 
Ist and 3d Friday. 
3d Monday. 


Ist Friday. 


Ist and 3d Wed- 


nesdays. 


Ist & 3d Tuesdays. 
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LOCAL ORGANIZATIONS— MEETINGS. 


Date of 
BRANCHES. Meeting. 


Chicago............ 
Minnesota.......... Dec, 29 
Pittsburg.......... Dec. 12 
Jan. 9. 
St. Louis........... Jan. 10. 
Schenectady........ Dec. 28. 
Philadelphia........ Dec. 13. 
Jan. 8. 


Subject Discussed. 
(I) Indicates INSTITUTE papers. 
(O) Indicates Original papers. 


No recent report. 


Inspection of the apparatus and equipinent and 
tests of the alternators of the factory of the 
Electric Machinery Co. of Minneapolis. 


Electrolysis, by E. E. Brownell (O.) 

Alternating-current Electrolysis, by S. M. 
Kintner. 

The Electrolysis Problem from the Cable Manu- 
facturer's Standpoint, by H. W, Fisher. 

What the Electric Railways are Doing to Pre- 
vent Electrolysis, by F. шар 

Electrolysis of Telephone Cables, by К. A. L. 
Snyder. 

The (птш Solution of the Electrolysis Prob- 
lem, by S. P. Grace. 


Discussion on Railway Sub-stations. 
Sub-station Locations, by Clarence Renshaw. 
Synchronous Converters, by E. M. Olin, 
Storage-Batteries, by L. H. Flanders. 
Switchboard Equipment, by H. W. Peck. 


The Relation of Railway Sub-station Design to 
its Operation (I). 


Some Considerations Determining the Location 
' of Electric Railway Sub-stations (1). 


Some Experiences with Lightning Protective 
Apparatus (1). 


Note on Lightning-Arresters on Italian High- 
tension Transmission Lines (1). 


Performance of Lightning-Arresters on Trans- 
mission Lines. 


The discussion was conducted chiefly by 
Messrs. B. E. Morrow of the Hudson River 
Water Power Company and A. L. Rohrer, 
H. L. Smith, and J. E. Noeggerath of the 
General Electric Company. 

The following special papers will be read before 
the Schenectady Branch during the coming 
season: 

1. Design of Hydro-electric Power Plants, by 

Rushmore. 

2. Mining Hoists, by Н. R. Summerhaves. 

3. Underlving Principles of Steam Turbines. 
bv Ott» Jungren. | 

4. Electric Railways, by Е. Н. Anderson. 


Supplement to A Testing Laboratory in Prac- 
tical Operation, by Clayton Н. Sharp (О). 


The National Bureau of Standards, illustrated 
with lantern slides, by E. F. Northrup and 
E. В. Rosa (1). 

Sub-station of the Philadelphia Rapid Transit 
Co., by A. B. Stetzer (О). 


Sub.stations of the Public Service Corporation 
of New Jersey, by J. T. Whittlesey (O). 


Sub-stations of the Com. Railway and Lighting 
Co., by Paul Spenser. 


The Philadelphia Rapid Transit Company pro- 
vided a special car, and the Branch visited 
two sub-stations in Philadelphia. 


10 


160 


39 


73 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


UNIVERSITY Date of 
BRANCHES. Meeting. 
Boston............. Jan. 10 


Washington, D. C... 


Toronto........... | Jan. 12. 
€olumbus......... | Dec. 11. 
Seattle............ | Dec. 12. 
Jan. 9. 
Atlanta.... 
Baltimore......... | Dee. 15. 
Jan. 12. 


Pittsfield...........] Jan. 4. 


San Francisco...... 


Subject Discussed. 
(I) Indicates INSTITUTE papers. Attend- 
(O) Indicates Oriwinal papers. ance. 


The Fire Risk in Modern Electric Stations (О). 40 
An informal talk by the following: 


How Fires Occur, by T. P. Strickland. 


How to Make Buildings Fireproof, by E. V. 
French. 


How to Install Apparatus, by Н. О. Lacount. 
No recent report. 


The Booster Control of Storage-Batteries, by 18 
Ewart В. Walker (О). 


Comparisons Between the Series. Alternating- 
Current Motor and Repulsion Motor, with Rer- 
erence to Sparking Conditions and Iron Losses. 18 
by V. H. экш» (OQ, 


Lecture on Steam Turbines, by Harry Y. Haden 
of the De Laval Steam Turbine Company, 11 
Trenton, N. J. 


Annual report of Local Secretary read and ap- 
proved. 


Annual election of offiers: C. Edward Mag- 
nusson, Chairman: W.S. Wheeler, Secretarv; 
Howard Josivn, W. S. Hoskins, W. S. Brown, 
Executive Committee. 


INSTITUTE papers on design, location, and oper- 


ation of railway sub-stations read and dis- 
cussed. 


No recent report. 
The National Bureau or Standards (Dr. 13 
A Testing Laboratory in Practical Operation (D 


Principles and Construction of Electrical Meas- 
uring Instruments, by J. B. Whitehead (0). 


The Relation of Railway Sub-station Design te 25 
its Operation (Li. 


Some Considerations Determining the Location 
ot Electric Railway Sub--tations а. 


Lubrication, by 8. б Colt (ОУ. 36 


Dipheation of Electrical Apparatus to Secure 
Rehatnulity of Service (1. 


eee ee 


No recent report. 


LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


15 


UNIVERSITY Date of 


BR ANCHES. Meeting. 


Cornell University. .| Jan. 5. 


P d 


Lehigh University. . 


Univ. of Wisconsin. . 


University of Illinois. 


lowa State College.. 


Purdue University. .| Jan. 9. 


Worcester коен. 
nic Inst......... Jan. 5. 


Syracuse University.| Jan. 11. 


STUDENT 
MEETINGS. 


Ohio State Univ. .... 

Penn, State College. 

Univ, of Missouri. . 

Armour Institute.... 
Washington Univ... 

Univ, of Michigan Dec. 20. 
Univ. of Arkansas... 

Univ, of Colorado.. 


Subject Discussed. 
(I) Indicates INSTITUTE papers. 


(O) Indicates Original papers. 


The Relation of Railway Sub-station Design to 


its Operation (1). 


Some Considerations Determining the Location 


of Electric Railway Sub-stations (I). 
No recent report. 
No recent report. 
No recent report. 
No recent report. 


The Relation of Railway Sub-station Design to 
its Operation (1). 


Pereonal Experiences with Electric Railway 
Sub-stations, by J. D. Stacy. 


Advantages of Single-phase Systems over Sys- 


tems Using Sub-stations and Converters, by 
J. D. Herbster. 


Relating of '' Summer Experiences, with Elec- 
trical Manufacturing Companies," by mem- 
bers of the Senior class. 


The Relation of Railway Sub-station Design to 
its Operation (I). 


The Power Plant of the Syracuse Rapid Transit 
Company (O) 


No recent report. 
No recent report. 
Хо recent report. 
No recent report. 
No recent report. 
The Consulting Engineer, bv John R. Allen О). 
No recent report. 


No recent report. 


Attend- 
ance. 


59 


26 


^15 
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MEMOIRS OF DECEASED MEMBERS. 


FREDERICK EDMOND COOLEY. 

Frederick Edmond Cooley was born in Oakland, Cal., January 
4, 1878. He died at Schenectadv, N. Y., March 28, 1905, 
aged twenty-seven years. : 

He was graduated at the University of California with the 
class of 1903, in the electrical engineering course. Previously 
he had over two years' experience with the McCloud River 
R.R., and the Southern Pacific R.R. Co., as an assistant in 
surveying. | 

Shortly after his graduation, Mr. Cooley was emploved in 
the testing department of the General Electric Company at 
Schenectady, N. Y. He was connected with that company 
continuously until his death. 

Mr. Cooley was elected an Associate of the AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS, оп November 20, 1903. 


HOWARD SCOTT WEBB. 

Howard Scott Webb was born in Hartland, Me., October 10, 
1865, and died in June, 1905, at Hebron, Me. He fitted for 
college in the Skowhegan High School and entered the Uni- 
versity of Maine, graduating in the course in Mechanical Engi- 
neering in 1887, standing among the first in his class. 

He was made Instructor in Shop Work and held this position 

from 1887 to 1897, spending the vear 1590-91 in graduate work 
at Cornell. He was Registrar of the University of Maine from 
1889 to 1895 and Secretary of the Facultv, 1890 to 1895. 
- The course in Electrical Engineering at the University was 
opened in 1894, and in 1807 the trustees determined to give 
Professor Webb leave of absence for two vears.to prepare him- 
sclf to become the head of this department, being satisfied that 
he possessed the qualities to make him the man for this place. 
He accordingly spent the vear 1807-08 at the University of 
Wisconsin, where he was granted the degree of E.E. in 1808. 
Professor Jackson spoke of him as the most brilliant student 
who had ever come under his instruction. The following vear 
was spent in practical work with the General Electric Company 
at Schenectadv. 

When Professor Webb assumed charge of the Electrical 
department at the University of Maine, it was new and small; 
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before his death it had grown to be the largest, or very close 
to it, in the Universitv. | 

In the spring of 1905 he had a severe attack of pneumonia, 
followed by typhoid fever. During the weakness following this, 
tuberculosis developed. He went to the State Sanitarium at 
Hebron, and for some time seemed to improve, but at the last 
failed rapidly so that the end was a great shock to a verv wide 
circle of friends. Through the death of Professor Webb the 
University of Maine has met with a loss which will be keenly 
felt. Not only was he a teacher of unusual capacity, but he 
combined with great modesty a personality which won first 
respect and then warm affection from all with whom his position 
brought him in contact. His personal integrity inspired 
honest work and earnest effort in all who came within the 
sphere of his influence. 

The funeral services were held in Orono and the ‘burial in 
the familv lot in Skowhegan. 
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H. F. PARSHALL, CLARE F. BEAMES, 
Salisbury House, London Wall E.C., London (tor Porto Rico and West Indies), 
San Juan, P.R. 

ROBERT B OWENS. W G. T. GOODMAN, 


MeGill University, Montreal P. Q Dunedin, New Zealand. 


Local Secretaries. 


E. P. BURCH, 
1210 Guaranty Bidg., 


Minneapolis. Minn. 


D. W. RICHARDS. 
University of Missouri, 


Columbia, Mo. 


A. S. LANGSDORF, 
Engineers' Club 


St. Louis, Mo. 


THEODORE VARNEY, 
Westinghouse E. & M. Co., 


East Pittsburg, Pa. 


H. D. JACKSON, 
83 Newbury Street, 


Boston, Mass. 


R. T. MacKEEN, 
14 King Street. 


Toronto, Ont. 


H. R. ALLENSWORTH, 
Engineers' Club, 


Columbus, O. 


GEORGE C. SHAAD, 
University of Wisconsin, 


Madison, Wis. 


H. F. SANVILLE, 
710 Girard Trust Bldg., 
Philadelphia, Pa. 


A. J. FORBESS, 
University of Colorado, 
Boulder, Col. 
Р. A. FISH, 
Iowa State College, 
Ames, Iowa. 
H. R. KING, 
Western Electric Co., 
Chicago. 
H. L. FREDERICK, mE 
Pennsylvania State College, 
State College, Pa. 


A. M. BUCK, Jr., 
610 E. Buffalo Street, 
Ithaca, N. Y. 
WILLIAM ESTY, 
Lehigh University, 
Bethlehem, Pa. 


LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


Cincinnati, O. 


F. E. BEUTLER, 
Ohio State University, 


Columbus. O. 


J. W. ESTERLINE. 
Purdue University, 


Lafayette, Ind. 


MORGAN BROOKS, 


University of Illinois. 


Urbana, Ill. 


CHARLES G. EDWARDS, 


Electrical Commission, 


City Hall, Baltimore, М4. 


R. NEIL WILLIAMS, 
Union University, 


Schenectady, N. Y. 


PHILANDER BETTS, 
* The Northampton,” 


Washington, D. C. 


W. R. COLLIER, 
230 Lawton Street. 


Atlanta, Ga. 


W. S. WHEELER, 
711 Twenty-Third Avenue, 


Seattle, Wash. 


C. E. FREEMAN, 
Armour Inst. of Technology. 


Chicago. Ш. 


С. Н. GILBERT, 
11 Harvard Street, 


i 


G. L. EVANS, 
Washington University, ` 


St. Louis, Mo. 


L. S. OLNEY, 
University of Arkansas, - 
Fayetteville, Ark. 


C. S. KENNEDY, 
University of Michigan, 


Ann Arbor, Mich. 


Н.Н. BARNES, Jr., 
Stanley-G I. Elec. Mfg. Co., 


Pittsfield. Маза. 
A. Н. BABCOCK, 


Merchants’ Exchange Bldg., 
| San Francisco, Cal. 
W.P.GRAHAM, _ | i 
Syracuse University, | , 
' ' Syracuse, 'N. Y. 
E tun E a аас 


oa ё \ SMS 


Worcester, Masa. 


Г 


APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 
following candidates for election to the INsTITUTE as Associates ; 
these applications will be considered by the Board of Directors 
at a future meeting. 

Апу Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before March 
23, 1906. 


4927 


4928 
4929 
4930 
4931 
4932 
4933 
4934 
4935 
4936 
4937 
4938 
4939 
4940 
4941 
4042 
4943 
4944 
4945 
4946 
4947 
4948 
4949 
4950 
4951 
4952 
4053 
4054 
40595 
4956 


William E. Bradley, 
Walter P. Robinson, 
Francis P. Coffin, 

Sol E. Hutton, 
Charles F. Lacombe, 
Herbert W. Andrews, 
Edgar F. Bickford, 
George A. Baker, 
John M. Dove, Jr., 
Edward A. Harley, 
Claudius Lee, 

Edwin E. Lehr, 
Perse A. Morse, 

John H. Morecroft, 
Stevens D. Streeter, 
Frederick A. Watkins, 
George H. Crain, 
Leonard E. Hurtz, 
Louis К. Krumm, 
John О. Montignani, 
Jacob R. McNeill, 
Hervey S. Vassar, 
Clifton W. Wilder, 
Arthur Н. Elliott, 
Lemuel F. Howard, 
Henrv C. Haas, 

John L. M. Yardley, 
Joseph F. Becker, Jr., 
Thomas N. Hicks, 
Walter H. Vorce, 


Philadelphia, Pa. 

E. Pittsburg, Pa. 
Schenectadv, N. Y. 
Chicago, Ill. 

New York City. 
Schenectadv, N. Y. 
Pittsburg, Pa. 
Brooklvn, N. Y. 
Schenectady, N. Y. 
New York Citv. 
Blacksburg, Va. 
Wilkinsburg, Pa. 

St. Louis, Mo. 
Svracuse, N. Y. 
Richmond Hill, L.I.!N.Y. 
New York Citv. 
Yonkers, N. Y. 
Lincoln, Neb. 

New York City. 
Rochester, N. Y. 
Hartwell, O. 
Elizabeth, N J. 
New York City. 
Flushing, L. I., N. Y. 
Edgewood Park, Pa. 
ochenectadv, N. Y. 
Niagara Falls, N. Y. 
Brooklyn, N. Y. 
Brooklyn, N. Y. 
Southbridge, Mass. 


ot 


4957 Harry M. Cushing, Bloomfield, N. J. 


4958 Thomas A. Dewey, Ithaca, N. Y. 

4959 Edwin H. Nagelstock, New York City. 
4960 Charles W. Speirs, | London, S. W. Eng. 
Total, 34. 


APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO 
MEMBER. 


Any objection to these transfers should be. filed at once with 
the Secretary. 
Recommended for transfer by the Board of Examiners, 
Feb. 14, 1906. 
WiLLiAM Henry PATCHELL, Engineer in Chief, Charing Cross, 
West End & City Supply Corporation, Ltd., London, Eng. 
FRANK CARLTON SARGENT, Electrical Engineer, Malden Electric 
Co., Malden, Mass. 


~y 


MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New York, Friday evening, 


January 26, 1906. President Wheeler called 
order at 8:30 o'clock. 


the meeting to 


The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 43 Associates 


elected, as follows: 


ApAMS, WILLIAM Epwarp, Tester, General Electric 
Co.; res., 631 Liberty St., Schenectady, N. Y. 


BaBTISTE, CARL ÀAvGUSTUS, Eastern Manager, McGraw 
Publishing Co., 114 Liberty St., New York 
City. 

Barnes, Davip WickHamM, Selling Engineer, С. and 
C. Electric Co., Douglaston, L. I., N. Y. 


JovcE, ERNEST WALTON, Student, Polytechnic Insti- 
Boyce, Ernest Watton, Student, Polytechnic Inst 


tute of Brooklyn; res., 549 Carlton Ave., 
Brooklyn, N. Y. 
ВохАКТН, Harvey, Correspondent, Westinghouse 


Electric and Mfg. Co., Pittsburg, Pa. 


Brown, Јонх Комодо, Chief Engineer, Manstield 
Works, Stirling Consolidated. Boiler Co., Mans- 
field, O. 

BUCHANAN, JAMES Ronrnr, Assistant Engineer, Gen- 
eral Electric Co., 226 S. 11th St.; res., 194] N. 
]8th St., Philadelphia, Pa. 

Bust, FREDERICK Honcetts, Student, General Elec- 
tric Co.; res., 113 Franklin St., Lynn, Mass. 


Cape, Howanp Epwarp, Assistant г ык Navy 
Department, U. S. Government, Репсоуа, Pa. 


CHARTERS, SAMUEL BARCLAY, Jr., Instructor, Leland 
Stanford Junior University, Palo Alto, Cal. 


Согллхѕ, Henry P., General Superintendent, Her- 
kimer County Light and Power Co., Little 
Falls, N. Y. 

COOPER. ARTHUR THomas, Chief Engineer, Bombay 
Electric Supply апа Tramwavs Co., Ltd., 
Bombay, India. 


C. Cartwright. 
Е. Е. Collins. 
J.C. Barry. 

Н. W. Blake. 
W. D. Weaver. 
T. С. Martin. 

E. R. Knowles. 
К. N. Bayhs. 

G. A. Wells, Jr. 
S. W. Ashe. 
Samuel Sheldon. 
William Mackay. 
H. P. Davis. 

B. H. Glover. 

C. F. Scott. 

Е. S. Denneen. 
G. A. Mead. 
Charles Dav. 

M. C. Turpin. 

H. J. Buddv. 

E. P. Coles. 

A. E. Alkins. 
E. E. Boyer. 

К. McC. Bradley. 
G. A. Pierce, Jr. 
A. J. Rowland. 
C. J. Dougherty. 
H. J. Ryan. 

H. H. Norris. 
K. L. Curtis. 

C. A. Greenidge. 
W. J. Harvie. 

F. B. Erwin. 
Robert Hammond 
W. M. Mordey. 
R. W. Pope. 


DarBy, Henry FRANCIS. JR., Salesman, Cutter Elec- L. H. Thullen. 
tric and Mfg. Co.: res., 4924 Centre Ave., C. T. Herderson. 
Pittsburg, Pa. S. B. Martin. 


Dawson, ARTHUR W., Superintendent, Michigan Lake C. E. Torrey. 
Superior Power Co., Saulte Ste Marie, Mich. Т. C. James. 


R. W. Pope. 
Dennison, Bovp Cor, Instructor, Cornell University; A. M. Buck, Jr. 
res., Cornell Heights, Ithaca, N. Y. H. H. Norris. 
H. J. Ryan. 


DisBBLE, Barry, Assistant Superintendent, St. Paul E. P. Burch. 
Gas Light Co., 1317 Summit Ave., St. Paul, Mo. J.C. Smith. 
G. D. Shepardson. 


DINSMORE, GEORGE FREDERICK, Treasurer, Hatch G. W. Elhott. 
Accumulator Co., 60 State St., Boston, Mass. Т. С. Martin. 
| A. S. McAllister. 
DuNcAN. WILLIAM SYLVESTER, Engineer, Western M. M. Fowler. 
Electric Co ; res., 2433 Ohio St., Chicago, ПІ. С. Н. Rowe. 
H. M. Biebel. 
GouLp, о Electrician, Electric Engineer- О. C. Масу. 
ing ce ublic Buildings; res., 40 Wiggles- Н. E. Clittord. 
worth St., Boston, Mass. C. B. Burleigh. 
HARDING, CHARLES Francis, Assistant Professor, Н. Н. Norris. 
Cornell University; res, 114 Steuart Ave., Frederick Bedell. 
Ithaca, N. Y. H. B. Smith. 
Н arcu, BENJAMIN BRIGGS, Electrical Engineer, Pub- О. C. Macy. 
lic Buildings, Boston; res., 11 Sawyer Ave., 1. Aver. 
Dorchester, Mass. B. Burleigh. 
H arcu, Georce Etwyn, President and Chief Elec- G. W. Elliott. 
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trical Engineer, Hatch Accumulator Co., 60 С. Martin. 

State St., Boston, Mass. A.S. McAllister. 
HavsMANN, Евісн, Electrician, Willvoung and Gibson E. С. Willvoung. 

Co.; res., 234 E. 42d St., New York Citv. Fritz Lowenstein. 


Melville Eastham. 
Haynes, Louis Henry, Engineer, Sanderson and L. L. Perry. 
Porter; res., 174 W. 89th St., New York Citv. C. W. Ricker. 
R.C. Armstrong 
P. Matthews. 
. Neall. 
M. Kintner. 
W. Patterson. 
B. Rosa. 
A. Wolff. 


Kwnopr, CARL LAFAYETTE, Machinist, Electrical Lab- Е. C. Caldwell. 
oratory, Ohio State University; 166 W. Mound G. A. Anderegg. 
St., Columbus, O. Allan Coggeshall. 


MACDONALD, JAMES ARCHIBALD, Chief Draughtsman, W.G. T. Goodman 
Noyes Bros., Ann St., Roslyn, Dunedin, N. Z. J. T. Wolfe. 
F. К. Shepherd. 


MaATHnER, Lewis Root, Electrical Contractor, 113 C. A. Greenidge. 

Miller St., Utica, N. Y. F. W. Schiller. 

H. J. Blakeslee. 

MERRIAM, Ezra Bassett, Electrical Engineer, Gen- W. I. Slichter. 
eral Electric Co., Schenectady, М.Ү. К Berg. 

E. M. Hewlett. 


MILLER, WILLIAM WALKER, Electrical Draftsman, O. P. Loomis. 
Newport News Shi building and Dry Docks D. M. Bliss. 
Co., 117 31st St., Newport News, Va. I. H. Osborne. 


Ном, WiLL Mark, El Oro Mining & Railwav Co., 
El Oro, Mexico. 


Jansky, Cyrit M., Professor of Physics and E. E., 
University of Oklahoma, Norman, Okla. 
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MITCHELL, CHARLES Нами. том, Mechanical Engineer, 
Ontario Power Co., Niagara Falls, Ont. 


ODELL, THOMAS GARLAND, Western Electric Co.; 
856 W. Jackson Boulevard, Chicago, Ill. 


res., 


RICHARDSON, STUART, Electrical Engineer, Wellington 
City Corporation, 117 Brougham St., Welling- 
ton, N. 

RICHMOND, JOHN STANLEY, Consulting Engineering 
Expert, 32 Adelaide St. East, Toronto, Ont. 


Ѕмітн, WILLIAM Jonn, Manager N. Y. Office, Robbins 
and Myers Co., 66 Cortlandt St.; res., 217 W. 
142d St., New York Citv. 


SPENCER, Henry foun, Electrical Engineer, Hobart 
Gas Co., Hobart, Tasmania. 


TURNBULL, ROBERT THORBURN, 


Turnbull and Jones 
Ltd., Wellington, N. Z. 


WARREN, EDWARD GEORGE, Managing Director, 
Greenwood Electric Co., Ltd., Greenwood, 
B. C. 

Watson, DANIEL BREWSTER, Draughtsman, Emerson 
Electric Mfg. Co.; res., 3039 Locust St., St. 
Louis, Mo. 

Waran, Tou Hankorp, President, Electric Equip- 
ment and Supply Co., 336 2d Ave.; res., S806 
Beacon Boulevard, Pittsburg, Pa. 


WHITE, Pav, HELB, Secretary and Treasurer, Animas 
Power & Water Co.. 310 Newton Claypool 
Building, Indianapolis, Ind. 


WiLLIAMS, ANDREW Furrrg, District Operating 
Foreman, New York Edison Co.; res., 123 E. 
83d St., New York City. 


PRESIDENT WHEELER: 
Committee has an announcement to make in 
the progress of the work of collecting funds 


Р. N. Nunn. 
Т. К. Roseburgh. 
Н. А. Мооге. 


М. М. Fowler. 
Carl Wiler. 
E. P. Warner. 


W.G. Т. Goodman 
R. C. Jones. 

F. R. Shepherd. 
W. D. Weaver. 

F. N. Waterman. 
W. H. Browne, Jr. 


O. F. Conklin. 
W. N. Zurfluh. 
G. F. Sever. 


R. J. Strike. 
. T. Wolfe. 
y illam Stone. 


W.G. T. Goodman 
R. J. Scott. 
R. C. Jones. 


5 . Ветар. 

. Marshall. 
J. R. Read. 
C. R. Meston. 
H. I. Finch. 
]. A. Kraeuchi. 
C. F. Scott. 
T. L. Merrill. 
H. N. Miller. 
J. H. Finnev. 
H. С. Goldrick. 
H. B. Marsh. 
W. Н. Reynolds 
H. M. Leitch 
Ales: inder Max- 

well. 


The chairman of our Builcing Fund 


connection with 
which is rather 


important, and I will vive this opportunity to our Past-presi- 
dent. Thomas Commertord Martin, to present the matter. 

T. €. Martin, chairman of the Institute Building 
Fund Committee, made a report up to date showing that 
toward the amount necessary from the INsriTUTE as its share 
of the cost of the land on which the Union Engineering Build- 
ing stands, viz., $200.000, the committee had pledges for a little 
over $100,000 already and had actually collected $55,000. Of 
the remaining $100,000 a large part would, he hoped, come trom 
electrical corporations, but the rest of it must come from the 
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membership. The general interest in the noble project, among 
the members, was shown by the fact that 620 subscriptions had 
already been secured, but so far only 200 of these had come 
from the New York district. The committee felt that the enter- 
prise was peculiarly one that should make the strongest appeal 
to the New York members, but at present only about 25 per 
cent. of the local membership had contributed. The sum of 
$5 a year for five years would hardly strain any member, and 
the committee would be glad even to get $1 a year, where 
more could not be given. Over 500 members had given sums 
of $100 or less, and just over 300 of that number had given $25 
each on the five-year basis. The speaker did not believe that 
a single man present would want to go into the new building 
without having done something, no matter how little, that would 
show his professional pride and interest in it. Such an oppor- 
tunity could hardly come again in a lifetime, and should be 
seized. On request of President Wheeler, the speaker stated 
that the General Electric Company had contributed and paid 
$25,000 toward the fund. In the seats of the hall were sub- 
scription blanks, which several members filled up before the 
meeting closed. 

Henry G. Stott, Member A. I. E. E., presented a paper en- 
titled, ‘‘ Power Plant Economics." The paper was then dis- 
cussed by Messrs. E. W. Rice, Jr., Chas. E. Lucke, C. C. Cha- 
pelle, W. L. R. Emmet, and F. E. Junge. 

(For paper see January, 1906, PRocEEDINGs, page 1; for dis- 
cussion on this paper see March, 1906, PrRocEEDINGs.) 

E. F. Alexanderson, Associate A. I. E. E., presented a paper 
entitled. ‘‘ A Self-exciting Alternator.” The paper was then 
discussed by Messrs. A. E. Kennelly, Chas. F. Scott, W. L. К. 
Emmet, A. S. McAllister, and E. F. Alexanderson. 

(For paper see January, 1906, PRocEEDINGs, page 29; for dis- 
cussion on this paper see March, 1906, PRocEEDiINGs.) 


LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organized. 


BRANCHES, 
Chicago............ 
1893 
Minnesota.......... 
Apr. 7, '02 
Pittsburg........... 
Oct. 13 '02 
St. Louis........... 
Jan. 14, '03 
Schenectady....... 
Jan. 26, '03 
Philadelphia....... 
Feb. 18 '03 
Boston............. 
Feb. 13, '03 
Washington D. C... 
Apr. 9 703 
Toronto............ 
Sept. 30 '03 
Columbus. ....... 
Dec. 20, '03 
Seattle........... 
Jan. 19, '04 
Atlanta...... 
Jan. 19 ‘04 
Pittsfield ......... 


Mar. 25, 04 


Baltimore 
Dec. 16 04 


es @ we we 


San Francisco ... 
Dec. 24 ‘OF 


Cincinnati . mM 
De 17. 02 


Kempster B. Miller. 


Chairman. 


Secretary. 


Н. К. King. 


George О. Shepardson.|E. P. Burch. 


S. 


H. H. Humphrey. 


.|C. 


4С. 


Р. Grace. 


Р. Steinmetz 


W. Pike. 


. A. Adams 


. B. Rosa. 


. T.. MacKeen. 


. L. Sessions. 


‚ E. Magnusson 


. M. Schoen 


. C, Chesnev. 


B Whitehead. 


Theodore Varney. 


A. S. Langsdorf. 


R. Neil Williams. 


Н. Е. Sanville. 


Н. D. Jackson. 


Philander Betts. 


R. T. MacKeen, 


H. R. Allensworth. 


W.S Weeler. 


W R. Colher 


H. H. Barnes, Jr. 


C. G. Edwards. 


A H. Babcock. 


L Lowenberg. 


Branch Meets. 


lst Tuesday a‘ter 
N. Y. meeting. 


lst Friday after 


N. Y. meeting. 


2d Tuesday. 


2d Wednesday. 


2d Wednesday. 


2d Monday. 


Ist Wednesday. 


Ist Thursday. 


2d & 4th Fridays. 


2d & 4th Mondays. 


2d Tuesday: 


3d Thursday 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. Chairman. 


UNIVERSITY 
BRANCHES. 


Cornell University...|E. L. Nichols. 
Oct. 15, '02 


Lehigh University, |Wm. S. Franklin. 
Oct. 15, '02 


Univ. of Wisconsin. .|H. Н. Scott. 
Oct. 15, '02 


Univ. of lllinois..... W.H. Williams. 
Nov. 25, '02 

Purdue University,..|C. P Matthews. 
Jan.. 26, ‘03 


lowa State College. .|L. В Spinney. 
Apr. 15, ‘03 


Worcester Poly- |А. T. Childs. 
technic Institute... 
Mar. 25, '04 


Syracuse University. |W. P. Graham. 
Feb. 24, '05 


STUDENT MEETINGS 


Ohio State Univ..... Н. С. Bartholomew. 
Dec. 20 '02 

Penn. State College. .|C. L Christman. 
Dec. 20, '02 

Univ. of Missouri....|H. B. Shaw. 
Jan. 10, '03 

Armour Institute... |С. E. Freeman. 
Feb. 26, '04 

Washington Univ...|A. S. Langsdorf. 
Feb. 26, '04 

Univ. of Michigan. . .|G. W. Lamke. 
Mar. 25 '04 

Univ. of Arkansas.. .|W. N. Gladson. 
Mar. 25, '04. 

Univ. of Colorado... 


Dec. 16, '04 


Secretary. 


A. M. Buck, Jr. 


William Est y. 


George C. Shaad. 


Morgan Brooks. 


J. W. Esterline. 


F. A. Fish. 


G. H. Gilbert. 


IW. P. Graham. 


F. E. Beutler. 
H. L. Frederick. 
D. W. Richards, 
C. E. Freeman: 
G. L. Evans. 

C. S. Kennedy. 
L. S. Olney. 


A. J. Forbess. 


Branch Meets. 


Ist Friday after 
New York meeting. 
3d Thursday. 


Every Thursday. 


Every Tuesday. 


151 Wednesday. 


Mar. 9, Apr. 20, 
May 11. 


Ist and 3d Thurs- 
days. 


Every Tuesday 
evening. 

Every Wednesday. 

Ist and 3d Friday. 

3d Monday. 

Ist Wednesday. 

Ist and 3d Wed- 


nesdays. 


Ist & 3d Tuesdays. 
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LOCAL ORGANIZATIONS— MEETINGS. 


Subject Discussed. 
Date of (D Indicates INSTITUTE papers. Attend- 
BRANCHES. Meeting. (O) Indicates Original papers. ance. 


Chicago............ No recent report. 


Minnesota.......... No recent report. 

Pittsburg........... No recent report. 

St. Louis......... . No recent report. 

Schenectady....... | Jan. 17. | The Steam Turbine, by Oscar Junaggren (О). 110 
Feb. 7. Power Plant Economics TH 170 


А Self-Exciting Alternator (I? 


Philadelphia........ No recent report. 


Boston............. Feb. 7. Developments in the Construction of Modern 75 
Electne Motors, by L. E. Underwood (O). 


Washington, D. С... Oct. 18. | Southern Water Powers (1. 22 


Methods Employed in Steam Gaujing, by John 
Hove, U. S. Geological Survey (О). 
Dec, 20. | Wireless Telegraphy in the Service of the U. S 44 
Navy, by R. М. Klein (О). 


Naval Experiences with Wireless Telesraphy, 
bv Lt. Commander Robinson, 


After the meeting the Branch visited the Navy 
Yard to inspect the plant. 


Toronto. .......... | Jan. 26. | The Relation of Raihway Sab -station Бема te 25 

Its Operation (D). 

Some Considerations Determining the Toa ation 
of Кесте Railway Sab stations cl. 
Feb. 9. Power Plant Economics (D 14 

Columbus......... No recent report. 
Seattle........0... No recent report, 
Atlanta........... No recent reneort, 
Baltimore. P Boek A No recent report, 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


Subject Discussed. 


Date of (D Indicates INSTITUTE papers. Attend- 
BRANCHES. Meeting. (O) Indicates Original papers. ance. 
Pittsfield...........] Jan. 25. | Some Experiences with Lightning Protective 35 . 


Apparatus (I). 


Note on Lightning-Arresters on Italian High- 
Tension Transmission Lines (1). 


Performance of Lightning-Arresters on Trans- 
mission Lines (1). 


San Francisco...... No recent report. 

Cincinnati.......... Feb. 5. Election of Officers: C. S. Reno, chairman; A. J. 
Wessling, vice-chairman; Laurent Lowenberg, 
secretary. 

. UNIVERSITY 
BRANCHES, 
Cornell University. .| Feb. 6. A Seli-exciting Alternator (I). 92 


Power Plant Economies (1). 


(Local S-cretary reports great local interest in 
Branch and its work.) 


Lehigh University. . No recent report. 


Univ. of Wisconsin. | Dec. 20. | The Mercury Arc Rectifier (I). 10 


Luminous Electric Arcs 


Jan. 10. | The Single-phase Railway Motor. 10 


The Acyclic Generator. 


Jan. 18. | The Relation of Railway Sub-station Design to 25 
Its Operation (I). 


Some Considerations Determining the Location 
of Electric Railway Sub-stations (I). 


University of Illinois No recent report. 
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LOCAL ORGANIZATIONS—MEETINGS.—C ontinued. 


Subject Discussed. 


UNIVERSITY Date of (D Indicates INSTITUTE papers. Attend- 
BRANCHES. Meeting. (O) Indicates Orizinal papers. ance. 
lowa State College. . No recent report, 
Purdue University. .|] Jan. 23. | Testing of Power Plants, by J. W. Esterline (О) 50 
Feb. 6. Power Plant Economies (I). 17 


А Self-exciting Alternator (I). 


Worcester Polytech- 
nic Inst......... No recent report. 


Syracuse University | Jan. 18. | The National Bureau of Standards (D. 18 
A Testing Laboratory in Pratu al Operation (D 
The Power Plant of the Syracuse Lighting Co 


(О). 


Feb. 6. In place of the regular meeting, 32 of the mem- 32 
bers and friends of the Branch spent the day 
inspecting the works of the General Electric 
Со. at Schenectady. 


STUDENT 
MEETINGS, 
Ohio State Univ..... Jan 23. | The Use of Gas Engines for Electric Railways, 13 
by F. I. Hare (0). 
The Relation of Railway Sub-station Design tc 
Its Operation (D. 
Репо. State College . No recent report. 
Univ. of Missouri... No recent report. 
Armour Institute. ... No recent report 


Washington Univ.. | Feb. f$. Election of O.* cers: 4, 9 Langsdorf, chairvan; 
G. L. Evans, secretary. 


Univ. of Michigan...| Jan. 24. | European Engineering Practice, by G. W. 14 
Patterson (О). 


Univ, of Arkansas. . No recent report. 


Univ, of Colorado... No recent report. 


MEMOIRS OF DECEASED MEMBERS. 


THEODORE SPENCER. 


In the death of Theodore Spencer, which occurred at Phila- 
delphia on Sunday, January 28, 1906, after a very brief illness, 
the telephone interests at large have suffered an irreparable loss. 

Mr. Spencer was born at Fort Douglas, Salt Lake Citv, Utah, 
on August 19,1870. He was the son of William Canfield Spencer 
surgeon in the United States army, and Mary M. (Goodwin) 
Spencer. In 1887 he entered the Massachusetts Institute of 
Technology and, after graduating with high standing in the 
class of '91, associated himself with the engineering department 
of the American Bell Telephone Company of Boston. For 
several years he was active in that department in general tele- 
phone work, particularly in the evolution and design of the 
common-battery svstem of telephone central offices. It was 
largely through Mr. Spencer’s inventive ability and energv 
that this system, which has now come into general use through- 
out the world, was brought to perfection. 

In October, 1894, Mr. Spencer severed his connection with 
the American Bell Telephone Company of Boston and became 
associated with the Bell Telephone Company of Philadelphia, 
as superintendent of electrical equipment, to engineer and 
supervise the first large installation of the common-battery 
system. A few months after his connection with the latter 
company his executive ability and energy were recognized by 
his appointment as Engineer. From this time his advancement 
was rapid through the positions of General Superintendent 
and General Manager to that of Vice-president and General 
Manager of both the Bell Telephone Company of Philadelphia 
and the Delaware and Atlantic Telegraph and Telephone Com- 
pany; these positions he held at the time of his death. 

Mr. Spencer’s initiative and executive ability, combined 
with exceptional technical knowledge and engineering skill, 
enabled him to place the companies with which he was con- 
nected on a substantial basis with a thorough organization of 
able assistants, and with a plant capable of meeting the enor- 
mous extensions which were effected under his management. 
His sound judgment and wide knowledge of his profession ex- 
tended his influence far beyond the territory of his immediate 
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ficld of activity, and gave promise of an even more brilliant 
future. 

Apart from unusual mental endowments, he possessed the 
simplicity, unselfishness, and svmpathy which won for him 
the affection of all with whom he came in contact. 

He was elected an Associate of the AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS on March 21, 1898. In 1898 he 
married Miss Helena Carroll Frazier, who, with a son and 
daughter, survives him. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
CATALOGUE OF MEMBERS. 


JANUARY Ist, 1905. 


HONORARY MEMBERS. 
Name and Address. 

Kevin, Lord, D.C.L., LL.D., F.R.S. 
Place, London, S. W., England. 
PREEcE, Sir WirL1AM H., K.C.B., F.R.S., Consult- 
ing Electrical Engineer, 13 Queen Anne's 

Gate, London, S. W., Eng. 

Honorary Members, 2. 


MEMBERS. 


Name and Address. 

Аввотт, ARTHUR V., C.E., Westinghouse, 
Kerr & Co., 8 Bridge St. New York City. 

AcHESON, Epw. G., President, The Carborundum Co., 

Niagara Falls, N. Y 

Apams, ALTON D., Consulting Engineer, Box 1377, 
Boston; res., 39 Upland Road, Cambridge, Mass. 

ADAMS, COMFORT A., Assistant Prof. Electrical Engi- 
neering, Harvard University, Cambridge, Mass. 

AHEARN, THomas, Ahearn & Soper, Electrical Sup- 

plies, Ottawa, Ont. 

ALBANESE, G Sacco, Cie Thomson Houston de la 
Mediterranee, Paris, France. 

ALBRIGHT, Н. FLeetwoop, Electrical Engineer, West- 
ern Electric Co., 463 West St., New York City. 

ALDRICH, WiLLiaM S., Director, Thomas S. Clarkson 

{Life Member] Memorial School, Potsdam, N. Y. 

ANDREWS, WILLIAM S., Manager Central Station Sales, 
General Electric Co., Schenectady, N. Y. 

ee кын RoBERT, 52 Broadwav, New York 

ity. 

ANTHONY, ҰпллАМ A., [Past-Presiden "2 Consulting 
Electrician, Cooper Union, New York City. 

ARMSTRONG, ALBERT Н. [Manager], Electrical Engi- 
necr, General Electric Co., Schenectady, N. Y. 

ARMSTRONG, Cuas. G., Consulting Electrical Engineer, 
17 Battery Place, New York City. 

ARNOLD, Bion J. [Past-Prestdent], Consulting Electrical 
Engincer, 1538 Marquette Bldg., Chicago, Ill. 

t14) 17 


Church, 


- 


Date of Membership. 
15 Eaton H.M. May 17, 1892 


H.M. Oct. 21, 1884 


Date of Election 
and Transier. 


A Oct. 21, 1890 
M Jan. 16, 1895 
3, 1888 
1, 1888 
18, 1893 
17, 1894 
A Jan. 17, 1894 
M Feb. 24, 1905 
A July 12, 1887 
M Sep. 0, 1887 
A Sep. 20, 1893 
M Sep. 27, 1899 
A Sept. 27, 1892 
M June 20, 1894 
A Mar. 15. 1892 
M Apr. 25, 1900 
A Mar. 5,1889 
M Apr. 22, 1896 
A Fcb. 27, 1895 
M Nov. 23, 1898 
А Dec. 9,1884 
M Jan. 6,1885 
A June 24, 1898 
M Feb. 26, 1904 
A Sept. 27, 1892 
M Aug. 3I, 1898 
A Oct. 25, 1892 
M Nov.15, 1893 


M M May 
A Apr. 
M Jan. 


18 MEMBERS.’ 


ATKINSON, WILLARD S., Supervising Engineer, Uni- 
versity Power Co., Princeton, N. J. 


AvER, James I., General Manager American Electric 


leating Corporation, Cambridge, Mass. 

Bapt, Francis B., Electrical Engineer, F. B Badt. 
& Co., 1504 Monadnock Block, Chicago, Hi. 

BaiLLARD, E. V., Manufacturer of Electrical Instru- 
ments, 24 Frankfort St., New York City. 

BarpwiN, Bert L., Mechanical Engineer, Cincinnati, 
O., and 114 Liberty St., New York City. 

Barsour, Евер Fiske, Manager, Sales De; t. Pacific 
Dist., G. E.Co., Crossley Bldg., SanFrancisco, Cal. 

Власт av, Joux C., Asst. General Manager. Western 
Union Tel. Co., 195 Broadway, New York City. 

BaRNES, Howe Henry, JR.(Local Secretary], Enginecr, 
Stanley Electric Mfg. Co., Pittsticld, Mass. 

Barstow, WiLLIAM S., Consulting Electrical and Me- 
chanical Engineer, 56 Pine St , New York City. 

Barton, Puitrp Price, Assistant Superintendent, The 
Niagara Falls Power Co., Niagara Falls, N. Y. 

BaATCHELOR, Cuas., Electrical Engineer, Exchange 
Court Bldg., 52 Broadway, New York City. 

Bates, James H., M.E., Consulting Engineer with F. S. 
Pearson, 25 Broad St., New York City. 

Baum, FRANK GEonGE, Transmission Engineer, Cali- 
fornia Gas & Electric Corpo., San Francisco, Cal. 

Bayis, RoBERT NEgrsow, The Baylis Co., 140 Washing- 
ton St., New York City. 

Beames, CranE Е. [Local Hon. Secretary], Manager, San 
juan Light & Transit Co., Sun Juan, P. R. 

BECHTEL, Ernest J., Electrical Engineer, The Toledo 
Railways and Light Company, Toledo, O. 
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A Oct. 27, 1897 
M Feb. 23, 1898 


A Jan. 23, 1903 
M Aug. 17, .904 


A Aug.23 1899 
M May 15, 1900 


A June 20, 1894 
M June 24, 1898 
A Jan. ` 9, 1901 
M Jan. 21, 1902 
A Jan. 21, 1900 
M Oct. 24, 1902 
A. Mar 22, 1899 
M Sep. 26, 1900 
A Mar. 18, 1890 
M Oct. 27, 1905 
A Sep. 14, 1888 
M Mar. 21, 1893 
A Nov.21, 1894 
M Oct. 21, 1896 
A Oct. 17, 1894 
M Mar. 22, 1901 
A Aug. 5, 1896 
M Feb. 28, 1901 
A Nov. 23, 1900 
M Apr. 26, 1901 
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M Dee. 20, 1893 
A Apr. 23. 1903 
M Oct. 23, 1903 
A Apr. 15, 1884 
M Oct. 21, 1884 
А Nov.18, 1896 
M June 1897 
A June 8, 1887 
M July 12 , 1887 
A Mav 19, 1896 
M Fcb. 15, 1899 
A Mar. 17, 1891 
M May 19, 1899 
A Mar. 21, 1893 
M May 19, 1903 
A May 15, 1894 
M Nov.20, 1895 
A Mar. 18, 1890 
M June 29, 1804 
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M May 15, 1894 
А Nov.12, 1889 
М Mar. 13, 1890 
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A Mar. 21, 1893 
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A Oct. 1,1889 
M Oct. 25, 1892 
A Oct. 21, 1900 
M June 19, 1903 
A Feb. 5,1889 
M Nov.20, 1895 
A Dec. 18, 1895 
M Oct. 21, 1896 
A Jan. 3, 1888 
M June 5, 1888 
A Apr. 21, 1891 
M Jan. 17, 1893 
A May 24, 1887 
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A Sep. 16, 1890 
M May 17, 1892 
A Aug. 23, 1899 
M Dec. 27, 1899 
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M July 12, 1887 
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A Nov. 
M May 


A May 
M Sep. 


A Fcb. 
M Dec. 
A Feb. 
M July 
A Oct. 

M June 
A July 
M Nov. 
A May 
M June 
A Jan. 

M June 
A Sep. 

M Jan. 

A Aug. 
M June 
A June 
M Jan. 

A June 
M Nov. 
A Jan. 

M Apr. 
A Oct. 

M June 
A Apr. 
M Oct. 

A Jan. 
M Feb. 
A Oct. 

M Oct. 

A Feb. 
M July 
A Apr. 
M Jan, 

A May 
M July 
A Мау 
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A Jan. 

M Apr. 
A July 
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A May 
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A Sept. 
M Feb. 

A Apr. 
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А Sep. 
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20, 1902 
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16, 1590 
15, 1899 
28, 1903 
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19, 1903 
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24, 1898 
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25, 1902 
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A Feb. 28, 1902 
M July 23, 1903 
A Mar. 21, 1894 
M Sep. 26, 1900 


A June 8, 1887 
M July 12, 1887 


A May 16, 1899 
M Dec. 27, 1899 


A Dec. 6,1887 
M Jan. 3,1888 
A May 19, 1903 
M July 28, 1903 
A Mar. 6, 1888 
M June 5, 1888 


A Mar. 6, 1888 
М June 5, 1858 
A Dec. 19, 1894 
M May 16, 1899 
A Nov.22, 1899 
M Nov.23, 1900 
A Mar. 23, 1898 
M Dec. 19, 1902 
A Apr. 2,1889 
M Feb. 21, 1893 
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M Sep. 6, 1887 
A Jan. 23, 1903 
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M Nov. 1,1887 
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M May 21, 1895 
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M July 28, 1903 
A Sep. 19, 1894 
M Jan. 9, 1901 
A Nov.20, 1595 
M July 18, 1599 
A Jan. 19, 1892 
M May 17, 1892 
A May 17,1898 
M July 25, 1902 
A Apr. 15, 1884 
M Oct. 21, 1884 
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M June 20, 1894 
A May 20, 1890 
M Jan. 16, 1895 
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М May 1, 1888 
A Oct. 1, 1889 
M Nov.12, 1889 
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M Nov.20, 1895 
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A May 16, 1893 
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A Apr, 26, 1901 
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A Oct. 18, 1893 
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A Nov. 20, 1903 
M Aug. 17, 1904 
A July 7, 1884 
M Mar. 3, 1885 
A Sep. 25, 1895 
M Mar. 25, 1896 


MEMBERS. 


Mix, EpcAR W., Electrical Engineer, 12 Boulevard des 
Invalides, Paris, France. 


Mote, Harvey Epwanp, Br. Westinghouse Co., West- 
inghouse Building, Norfolk St., London, Eng. 


Morera, E. J., Civil and Electrical Engineer, 207 
Sansome St., San Francisco, Cal. 


Moore, D. McFarvawn, Inventor, Moore Electrical Co., 
52 Lawrence St., Newark, N. J. 


MoonE, WM. E., General Supt. and Electrician, P., 
McK. & C. Ry. Co., Connellsville, Pa. 


Morrow, Jonn Tuomas, 24 Broad St., New York City. 


Moses, Percivat Rosert, E. E., Electrical Engineer, 
320 Fifth Ave., New York City. 


Murpny, JOHN, Superintendent Power Houses, The 
Ottawa Electric Co., Ottawa, Ont. 


Murray, Tuos. E., Second V. P. and General Manager, 
Edison Co., 55 Duane St., New York City. 


Murray, WILLIAM SPENCER, Electrical Engineer, N. Y. 
N. H. & H. В. Е. Co., New Haven, Conn. 


MuSCHENHEIM, Еверк. A., Electrical Engineer, Hotel 
Astor, New York City. 


NEILER, SAMuEL G., Pierce, Richardson & Neiler, 1405 
Manhattan Bldz., Chicago, Il. 

NicHors, Epwarp L., Professor of Physics, Cornell 
University’ res., 5 South Ave., Ithaca, N. Y 

NICHOLSON, WALTER W., General Supt. Central N. Y. 
Tel. & Tel. Co., Telephone Bldg., Utica, N. Y. 

NoLL, Aucustus, Contracting Electrical Engineer, 8 
East 17th St., New York City. 

Norris, Henry HurTcHiNsoN, Professor of Electrical 
Engineering, Cornell University, Ithaca, N. Y. 

Nunn, Paut N., Chief Engineer. Telluride Power Co., 
Provo, Utah. i 

O'Dea, MicHAEL ТокРЕҮ, 79 No. State St., Chicago, Ill. 


Осорім, Maurice A., Electrical Engineer, General Elec- 
tric Co., Schenectady, N. Y. 

Owens, Rosert Bowie, [Local Honorary Secretary] 
McDonald Prof. E. Eng., McGill Univ., Montreal. 

PACKARD, GRANVILLE FREDERICK, Electrical Engineer, 
.Westinghouse E. & Mfg. Co., Pittsburg, Pa. 

Рмме, F. B. H., V.-P. & Chief Engineer, Iroquois Con- 
struction Co., Fidelity Building, Buffalo, N. Y. 

РА1МЕ, SipNEY B., General Electric Co., 84 State St., 
Boston, Mass. 

PARKER, Lee HAMILTON, Electrical Engineer in charge, 
Stone & Webster, Minneapolis, Minn. 

PARES, C. WELLMAN, Civil Engineer, U. S. N., Navy 

A Yard, Portsmouth, N. Н. 

PARSHALL, Horace Fies.p (Local Honorary Secretary], 
Consulting Engineer, Salisbury House, London. 

(26) 


29 


A Sep. 3, 1889 
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A Dec. 19, 1894 
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A Apr. 17, 1895 
M Feb. 26, 1896 
A June 8, 1887 
M Mar. 25, 1896 
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City; res., 22 £o. Clinton St., East Orange, N. J. Apr. 28,1397 
ABBOTT, WILLIAM L., Chief Operating Engineer, Chicago Edison Co., 139 
Adams St.; res., 3212 Beacon St., Chicago, Ill. Oct. 25, 1901 
ABELL, Il AnRY CriN TON, Engineer, Eglinton, Hammond & Andrews, 60 
Wall St., New York City. May 19, 1903 
ABELLA, JUAN, Consulting Engineer, Buenos Aires and Belgrano Tram- 
ways Co.; Belgrano, Buenos Aires, A. R. Aug. 5, 1890 


ABENDROTH, WILLIAM Puiuip, 549 W. 152d St., New York City. 
May 19, 1903 
BLETT, CHARLES ANTHONY, Pembroke Lodge, Outram Road, Addis- 
combe, Surrey, Eng. Apr. 23, 1903 
ACKERMANN, ALEXANDER Ilenry, Electrical Engineer, New York 
Edison Co.; 117 West 39th, St., New York City. May 19, 1903 
ACKER, CHARLES Ernest, Vice-president and Manager Acker Process 


Co., Niagara Falls, N. Y. Jan. 23, 1903 
ACKER, WaLTER H., Electrical Engineer, Piedmont Electric Co., Green- 
ville, S. C. Mar. 24, 1905 
ACKLAND, Eustace WiLLIAM, Electrical Engineer, Noyes Brothers, 
Dunedin, N. Z. Jan. 27, 1905 
ADAM, Евер B., Secretary and Manager, Frank Adam Electric Co., 914 
Pine St.; res., 2326 Albion PL., St. Louis, Mo. May 17, 1904 
ADAMS, CHARLES Francis, Electrical Engineer, Stanley Electric Co., 
Pittsfield, Mass. June 15, 1904 


ADAMS, Francis JOSEPH, Student Worcester Polytechnic Institute, Wor- 
cester; res., Westboro Hospital, Westboro, Mass. July 19, 1904 


Apams, FRANK Pierce, Electrician, Stockton Gas & Electric Co.: res., 


329 E. Channcl St., Stockton, Cal. Feb. 15. 1899 
ADAMS, Georce Francis, District Engineer. Westinghouse E. & M. Co. 
Room 1007, New Engiand Bldg., Clevcland, O. Jan. 23, 1903 
ADAMS, lizRBERT HARTER, Commercial Engineer, Condon Water & Power 
. Co., Centralpoint, Oregon. Feb. 27, 1903 
Apams, Roy Harmon, Assistant Electrical Engineer, Signal Office, U. S. 
Army, 39 Whitehall St., New York City. ‚ Oct. 23, 1903 
Арам, SetH C., Salesman and Engineer, Westinghouse Electric & Mfg. 
Co., New York City; res., New Rockelle, N. Y. Apr. 23, 1903 
ADAMS, SPENCER, E'ectrical Engineer, Sociedad Al. Electrico de Piedra 
Lisa, Lina, Peru. Nov. 25, 1904 
ADAMS, WiLLis LoNGrELLOw, General Manager, Adams Construction Co.; 
res., 726 Buffalo Ave., Niagara Falls, N. Y. Jan. 24, 1992 
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ADAMS, WiLLIAM W., Secretary, Electric Controller and Supply Co. ; res.. 
58 knox St., Clevela::d, О. Jan. 27, 1505 


Арлмѕох, DANIEL, Joseph Adamson & Co., Hyde, Eng. Feb. 26, 1896 
Арріскѕ, LAWRENCE, Assistant to Superintendent, Raritan Coprer 


Works, Perth Amboy, N. J. July 25, 1902 
ADLER, ALPHONSE A., Electrical Engineer, Westinghouse Church Kerr 
& Co., 10 Bridge St., New York City. July 12. 1900 
ADSIT, CHARLES GEORGE, Electrical Engineer, Black Mountain Mining 
Co., Magdalena, Sonora Mexico. Aug. 25, 1905 
AGNEW. CoRNELiIus R., 16 William St.; res., 23 West 39th St., New York 
ity. Mar. 21, 1894 
AGNEw, TouN Patterson, Assistant Foreman Westinghouse E. & M. Co., 
Pittsburg; res., 405 Anna, Wilmerding, Pa. Nov. 20, 1903 
 AHLM, CHARLES Epwanp Frans, Consulting Engineer, 1327 Williamson 
Bldg., Geveiand, О. Feb. 27, 1903 
AITKEN, KenNeEtH LyNpwope, Consulting Electrical Engineer, 164 
Bay St., Toronto, Ont. July 28, 1903 
Akins, UrvssEes Sace, Chief Engineer, Lewiston Water and Power Co.. 
Asotin, Washington. Feb. 26, 1904 
ALBIN, Henry ALLIson, General Manager and ‘‘lectrical uu Con- 
cord Strcet Railway, Concord, N. H. Mar. 22, 1901 

ALBURGER, EDWARD T., JR, Eicctrical Engincer, | rog & Switch Бре, 
Pennsylvania Steel Co., Steelton, Pa. July 28, 1903 
ALDEN, HERBERT Watson, Engineer, Electrical Vehicle Co., cor. Park 
and Laurel Sts., Hartford, Coun. Ang. 22, 1001 
ALEXANDER, GEORGE L., Commercial Engineer, General Electric Co.. 
Schenectady, N. Y. June 18, 1903 
ALEXANDER, GEORGE RANDALL, Electrician, Central California Electric 
Co., 1003 К St., Sacramento, Cal. .. Nov. 25, 1904 


ALEXANDER. ПАККҮ, General Manager and Vice-Trest., Alexander-Chara- 
berlain Electric Co., 25 West 24d St., New York City. Apr. 21, 1891 
nun a i Ernst, Electrical Engineer, General Electric. Co.; 


, 1218 Union Ave., Schenectady, N. Y. Feb. 26, 1904 

Ame pos EpwiN. Foreman, Special Testing Dept., General Elec- 
tric Ce.: res., 206 Boston St., Lynn, Mass. Apr. 24, 1993 
ALLcockK, H., Chief Estimating ases r W. T. Glover & Co,, Ltd., 
61 Sauers Bldg., Johannesburg, 5. А. Aug. 17, 1904 
ALLEN, ALBERT Mark, Consulting Engineer, Suite 1130, Schoield Bldg., 
Cleveland, Ohno. Nov. 25, 1904 


ALLEN, ALBERT P., Central Union Telephone Co., Indianapolis, Ind. 
July 26, 1900 
ALEN, CLAXTON Epmonps, Assistant Engineer, General Electric Co.; res., 


45 Hanover St., Lynn, Mass. Apr. 22, 1904 
ALLEN, СплкіЕѕ V., Sales and Electrical Engineer, Westinghouse E. & 
M. Co., C adena 19, Mexico D. F. Dec. 23, 1904 


ALLEN, Epwin Woop, In Consulting Engineering Department, General 
Electric Co.; res., 14 Unior St., Schenectady, N. Y. Mar. 27, 1903 
ALLEN, ELBERT GROVER, Electrical Engineer, Seattle Electric Co., Seattle, 
Wash. Feb. 26, 1904 
ALLEN, GEORGE CONRAD, Supt. of Construction, N. Y. ос Со., 15 
Dey st. New York City; res., New Rochelle, N N. Jan. 23, 1903 
ALLEN, TrHomas SIMMONS, Electrical Engineer, Bullock Electric Mfg Co; 


res., 5139 Main Ave.. Norwood, Ohio Feb. 27, 1903 
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ALLEN, WALTER CuMMINGS, Electrical Engineer, District of Columbia, 


District Building, Washington, D. C. June 24, 1898 
ALLEN, Wyatt H., Consulting Engineer, Cory, Meredith & Allen, 910 
Union Trust Bldg., San Francisco, Cal. Apr. 27, 1898 
ALLENSwO1TH, HARRY RANDALL [Local Secretary], Superintendent of Fire 
and Police Telegraph, Columbus. Ohio. Feb. 26, 1904 
ALVERSON, Harry BARTLETT, Superintendent, Cataract Power and Con- 
duit Co., 718 Fidelity Blg., Buiialo, №. Y. Oct. 25, 1901 
AmBLER, NATHAN B., Sub-station Foreman, Long Island R.R. Co., Long 
Island City, N. Y. June 19, 1903 
AMBLER, WiLLIAM, Asst. Prof. of Electrical Engineering, Case School 
of Applied Science, Cleveland, Ошо. July 12, 1900 
AMBos, WarTER P., Demonstrator, Osburn Flexible Conduit Co.; res., 
596 Hough Ave., Cleveland, O. Nov. 24, 1905 
AMsTUTZ, NOAH STEINER, Mechanical & Electrical Engineer, 936 Belle 
Plaine Ave., Chicago, Ill. Jan. 3, 1902 
ANDEREGG, Gustavus AÁpoLPHUSs, Associate Professor of Electrical Engi- 
neering, Ohio State University, Columbus, O. July 19, 1904 
ANDERSON, CHARLES Erastus, Electrical Engineer, American Electrical 
Works; res., 76 Benetit St., Providence, R. I. Mar. 24, 1905 
ANDERSON, Cooper, General Superintendent, Colorado Department, The 
Telluride Power Co., Tclluride, Col. Nov. 21, 1902 
ANDERSON, DoucLas Sm1TH, Associate Professor of Electrical Engineering, 
Tulane University, New Orleans, La. Apr. 26, 1901 
ANDERSON, Epwarp Il., Designing Engineer, General Electric Co.; res., 
3 Avon Road East, Schenectady, N. Y. Apr. 25, 1902 
ANDERSON, Il enry S., [Address unknown.] Jan. 16, 1895 
ANDERSON, JOHN ROBINSON, Mechanical Engineer and Designer, Stanley 
G I. Electric Mfg. Co., Pittsheld, Mass. Jan. 27, 1905 
ANDERSON, PauL Lewis, Engincenng Department, N. Y. Telephone 
Co., 18 Dey St., New York City. Oct. 23, 1903 
ANDERSON, WILLIAM, Engineer, Cascade Water, Power and Light Co., 
Cascade, British Columbia. Mar. 25, 1904 


ANDERSON, WILLIAM Fett, Superintendent Spier Falls Power Station, 
Hudson River Water Power Co., Glens Falls, N. Y. July 19, 1904 


ANDRAE, RoBERT TURNER, Student Testing Department, General Elec- 
tric Co., Schenectady, N. Y. . Aug. 17, 1904 


ANDREWS, LEONARD, Electrical Engineer, Key Engineering Co., Ltd.,Scot- 
tish Life Bldgs., 38 Deansgate, Manchester, Eng. July 28, 1903 


ANDREWS, WILLIAM C., Sales Department Engineer, Stanley Instru- 


ment Co., Great. Barrington, Mass May 21, 1895 
ANDRUS, Lucius BuckrEYv, Superintendent South Bend Electric Co., 
South Bend, Ind. May 19, 193 
ANGUs, WiLLIAM GRAHAM, Electrical Engineer, The Hamilton Electric 
Lizht and Cataract Power Co., Hamilton, Ont. May 19, 1923 
ANTHONY, JAMES STOWELL, General Electric Co., 44 Broad St., New York 
City. .. Apr. 25, 1902 
Apperson, ALFRED Hutt, Electrician, South Eastern Tariff Associa- 
tion, 529 Equitable Bidg., Алапѓа, Ga. Sept. 25, 1903 
APPLER, GRAFTON WALL, Electrical Engineer, Rochester, Syracuse & 
Eastern R.R. Co., Newark, N. Y. Nov. 21, 1902 

APPLETON, WILLIAM COURTNEY, Crocker-Wheeler Co., Ampere, N. J. 
ar. 25, 1904 
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APPLEYARD, ARTHUR E., Treasurer and Managing Dir., Dayton, Spring- . 


field & Urbana Electric Ry. Co., Springfield, Ohio. Aug. 5, 1896 
ARCHBOLD, WM. K., Archbold-Brady Co., Greenway Ave., Syracuse, N. Y. 


June 20, 1894 

ARCHER, Geo. F., Electrical Expert, 170 Broadway New York City. 
Nov. 21, 1894. 
ARCHIBALD, EnNEsT M., Assistant Mechanical Engineer, Dominion Coal 
Co., Glace Bav, N. S. May 15, 1900 
ARENDT, MORTON, Lecturer in Electrical Engineering, Columbia Univer- 
sity; res., 1851 7th Ave., New York City. jan. 23, 1903 


ARLAND, Отто BerTHOLD орус, 39 Carroll St., Yonkers, №. Y. 
July 28, 1905 


ARMACK, JOHN BERNHARD, Assistant Superintendent, Kilbourne, Jacobs 


Mfg. Co.; res., 149 E. First Ave., Columbus. О. Feb. 26, 1904 
ARMSTRONG, JAMES RosBERTS CHARLTON, "Transmission Engineer, 
М. Ү. С. & Н. К. К. К. Co, New York City. Sep. 26, 1902 


ARNOLD, CHESTER HasriINGS, Asst. Engineer N. Y. Telephone Co., 18 
Cortlandt St.; res., 242 West 104th St., New York Citv. Jan. 3, 1902 


ARNOLD, Warp S., Electrical Engineer, Marquette Bldg; res., 384 E. 


40th St., Chicago, Ш. Jan. 24, 1902 
ARUNACHELA, IvER T. K., Superintendent Bangalore Electric Lighting, 
Bangalore, India. Oct. 25, 1904 
ASBURY, ORLA Fincer, Electrical Engineer, D. A. Tomkins Co., 209 S. 
Myers St., Charlotte, N. C. Mar. 25, 1904 
AsH, WarTER Vooruis, Chief Electrician, Raritan Copper Works; res., 
79 State St., Perth Amboy, N. J. May 20, 1902 


AsHE, SipNEv WHITMORE, Instructor in Phvsics, Polytechnic Institute, 
Brooklyn; res., Webster Ave., Bedford Park, N. Y. June 28, 1901 


ASHLEY, FRANK M., M.E., Ashley & Stern, 136a Liberty St.; res., 59 


West 105th St., New York City. Nov. 21, 1894 
ATKINS, CHARLES GILMAN, Consulting Engineer, Pratt & Atkins, 1001 
Monadnock Building, Chicago, Ill. ; Oct. 25, 1901 
ATKINS, Harorn B., 80 Broad St., New York City; res., 22 East Fifth 
Ave., Roselle, N. J. June 23, 1897 
Atwoop, Georce F.. with Western Electric Co., New York City; res., 
13 Dodd St., East Orange. N J. Sep. 16, 1890 
AUEL, Cart B., Engineer, British Westinghouse Elec. & Mfg. Co., Ltd., 
Tratiord-Park, Manchester, Eng. July 26, 1900 
AUSTIN, ARTHUR Oswin, General Manager, Lima Insulator Co., Lima, 
М.Ү. Oct. 28, 1904 
AusTIN, SypNEY B., Consulting Engireer, Rowland Telegraph Co., Bal- 
timore, Md. Sep. 25, 1895 
AvERRETT, ANDREW E., Engineer, General Electric Co.; res., 934 State 
St., Schenectady, N. Y. Jan. 3, 1902 
AYLMER-SMALL, SIDNEY, Electrical Engineer, 19 W. 44th St., New York 
City; res., 11 Randolph St., Passaic, N. J. ` Oct. 24, 1900 
AYLSWORTYH, J. WALTER, Experimenter and Chemist, Edison Laboratory 
res., 223 Midland Ave., East Orange, N. J. Sept. 27, 1901 
AYRES, ALBERT Doane, Keokuk Electric Railway Co., 421 Main St., 
Keokuk, Iowa. Feb. 25, 1902 
Avres, MILAN VALENTINE, Electrical Engineer, Boston and Worcester 
Street Railway Co., South Framingham, Mass. May 19, 1903 


Baas, CHARLES Jacon, 230 West 15th St., New York City. Sept. 22, 1905 
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Валввітт, Harry D., Electrical Engineer, Thompson-Starrett Co., £1 Wall 


St.; res., 7 М. 108th St., New York Ctiy. Mar. 27, 1903 
Влвсоск, Arren Harwoop [Local Secretary], Electrical Engineer, 
Southern Pacific Co., Oakland, Cal. Mar. 25, 1904 
Влвсоск, Epwin WiLsoN, Superintendent of Electrical Construction, 
Brooklyn Edison Co., Brooklyn, N. Y. Sept. 25, 1908 
Basson, ALBERT D., Manager, Supply Department, Gereral Electric Co.. 
44 Broad St., New York City. Mar. 27, 1903 
Basson, ARTIIUR C., Engineer, General Slectric Co., 1006 Alaska Bldg., 
Seattle, Wash. Mar. 28, 1900 
BacHMAN, Harry Louis, Engineer and Electrician, Dunn, Taft & Co.; 
res., 533 So. 3d St., Columbus, O. Apr. 28, 1905 
Bacon. Danie, Reap, Student, Columbia Universitv, New York Citv; 
res., Goshen, N. Y. July 28, 1903 
BAcoT, EuGENE Cyrus, Electrica! Engineer, Great Northern Power Co., 
315 Providence Building, Duluth, Minn Apr. 23, 1903 
BADEAU, CHARLES CUSHING, The Switchboard Equipment Co., Bethlehem, 
к Арг. 25, 1902 
ВАЕНЕ, Сгорсе, Chief Electrician, Nat. Tube Co.; res., 516 Willow Ave., 
Me eesport, Pa. Jan. 23, 1903 
BAEHR, WILLIAM ALPRED, Engineer, Laclede Gas Light Co., St. Louis, Mo. 
Feb. 27, 1903 
BAGOT, CHRISTOPHER, GEORGE SEYMOUR Student, Worcester Polytechnic 
Institute; res., 214 West St., Worcester, Mass. Apr. 28, 1905 
BaHNSON, FREDERIC FRIES, Chief Engineer, Salem Station, Winston- 
Salem, N. C. Apr. 23, 1903 
BaILey, CLIFFORD DEXTER, Student, Polytechnic Institute; res., 861 
Carroll St., Brooklyn, ЇЧ. Y. Mar. 27, 1903 
BaILey, Евер. W. C., Consulting Engineer, 1507 First National Bank 
Bldg., Cincinnati, O. Feb. 26, 1904 
BaiLEv, Leon W., Electrical Engineer, Reliance Electric Co.; res., 766 
33d St., Milwaukee, Wis. Әср. 27, 1901 
Barrey, Tugo. P., Assistant Manager, Chicago Office, General Electric 
Co., 1117 Monadnock Building, Chicago, Ill. Apr. 25, 1902 
BAINTON, JOHN RICHARD, Consulting Engineer, Standard Electric Eleva- 
tor Co., Equitable Bldg., Sydney, N.S. W. Oct. 24, 1902 
Barer, EDWARD Stuart, Draftsman, Niagara Falls Center, Ont. 
| Apr. 28, 1905 
Baker, Epwin Stanton, Electrical Engineer, West Virginia Pulp and 
Paper Co., Piedmont, W. Va. May 15, 1905 
BAKER, Henry CLARK, Manager, Crocker-Wheeler Co., 425 Empire 
Bldg., Atlanta, Ga. Mar. 24, 1905 
Baker, I. FRALEY, P Office, Sprague Electric Co.; res., 18 
S. Clinton St., East Orange, N. J. June 15, 1904 
BAKER, JosEgPH B., Electrical Engineer, General Electric Co.; res., 839 
Union St., Schenectady, N. Y. Sep 27, 1901 
BAKER, Percy ALRERT, Construction Foreman, General Electric Co., 
Schenectady, N. Y. Aug. 25, 1205 
BAKER, WILLIAM EpcAR, W. E. Baker & Co., Engineers, 27 William St., 
New York City. June 28, 1901 
Влісомв, JEAN Banr., Superintendent Nevada Power and Milling Co.. 
Goldfields, Nev July 28, 1905 
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BALDWIN, Снлвівѕ Fow er, Chief Engineer Bell Telephone Mfg. Co. 
18 Rue Bondewyns, Antwerp, Belgium. Oct. 23, 1903 

BALDWIN, GeorGE Porter, Vice-president Blaisdell Filtration Со, 
Douglass Building, Los Angeles, Cal. Nov. 23, 1€00 

Batpwin, Jas. C. T., American Telephone and Telegraph Co., 125 Miik 
St., Boston, Mass. Apr. 17, 1895 

BALrFouR, REGINALD, Asst. Operating Supt., Montreal Light, Heat & 
Power Co., 150 Park Ave., Montreal, P. Q. Mar. 27, 1903 


BariNT, Bera, VII Jozsef kornt 30, Budapesth, Hungary. June 14, 1€05 
BALL, Henry Price, Electrical Engineer, General Incandescent Arc Licht 


Co., 529 West 34th St., New York. May 21, 1901 
BALLARD, FREDERICK Wayne, Mechanical Engineer, Sherwin-Williams 
Co.; res., 13 Rock Court, Cleveland, Ohio. Feb. 27, 1903 


BALLINGER, РнилррЕ Fazio, Superintendent, Electrical Department, 
Consolidated Gas Co. of N. J., Long Branch, №. J. Apr. 28, 1905 
BaALsrtEgv, Ane, Electrical Engineer, Georgia Railway & Electric Co.; 


res., 342 S. Boulevard, Atlanta, Ga. Oc*. 27, 1597 
BAMBER, WILLIAM CHILD, Electrical Engineer N. Y. C & HR. R. R. 
Co., 5 Vanderbilt Ave., New Ycrk City. Oct. 25 1901 
Bancrort, CHas. F., Electrical Engineer, General Electric Company, 
84 State St., Boston, Mass. Dec. 18, 1895 


BANGHART, CHARLES SCHUYLER, Superintendent Motive Power, N. Y. & 
Queens Co. Railway Co., Long Island City, N. Y. Aug. 24, 1905 
Bancs, Cuas. R.. Special Agent. American Telephone and Telegraph Co., 


15 Dey St., New York City. Jan. 26, 1898 
Bancs, EpwaRp Носн, Engineer, Central Union Telephone Co., Indiana- 
polis, Ind. Apr. 28, 1905 
Banks, WirLiAM C., Consulting Electrical Engineer, Thomson-Houston 
Carbon Co., Fremont, Ohio. May 18, 1897 


BancLAv, GEORGE, New Zealand Volunteers, Palmerston, Otago, N. Z. 
May 17, 1904 
BARKER, GEORGE WILLSEA, 92 North 18th St., East Orange N. J. 
Aug. 25, 1905 
BARKER. Harry, Instructor in Electrical. Engineering, University of 


Vermont; res., 28 Brookes Ave., Burlington, Vt. Mar. 24, 1905 
BarRKER, James EpMuNnD, Manager, Ventura Water, Light & Power Co., 
Ventura, Cal. Apr. 23, 1903 
BARKER, Ratpu Emerson, Assistant Electrical Engineer, General Elec- 
tric Co.; res., 24 Chase St., Lynn, Mass May 19, 1903 
BanNav, JouNn Martin, Mechanical Engineer, 25 W. 15th St., New 
York City. Apr. 23, 1903 
BaRNES, Epwarp A., Electrical Expert, Fort Wayne Electric Co., Fort 
Wavne, Ind. Sep. 20, 1893 
BARNES, WALTER CLYMER, Supt. of Electrical Construction, Interbor- 
ough Rapid Transit Co., New York City. Nov. 20, 1903 
BARNES; WILFRED, JR., Chief Crane Inspector, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 


BARNES, WILLARD J., Electrician, The Duncan Co., Mechanicsville, N. Y. 
June 19, 1903 
BARNETT, CaRL P., Engineer, 812 Locust St., Kansas City, Mo. 
jan. 25, 1901 
BanunaM, Epuv Np Kirsy, Columbia Improvement Co., Lumber Ex- 


change Bldg., Minneapolis, Minn. July 28, 1905 
BARNHART, WiLLIAM O., Engineer, Chicago & Oak Park Elevated R.R. 
Co., 1133 W. Lake St., Chicago, Ш. July 19, 1904 
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BAmRNUM, Tuomas Epson, Assistant Chief Engineer, Cutler-Hammer 


Mfg., 648 34th St., Milwaukee, Wis. Nov. 20, 1903 
Baron, Max D., Electrical Engineer and Contractor, 125 East 23d St.; 
res., 61 E. 75th St., New York City. ; Mar. 23, 1900 
BARR, FREDERIC CrossGROVE, Electrician, The Colorado Telephone Co., 
1421 Cnampa St., Denver, Colo. Mar. 27, 1903 
BARR, Jonn B., Electrical Engineer, General Electric Co., 44 Broad St., 
New York City. | Apr. 25, 1900 
Barr, JoHN Martin, Engineering Salesman, Westinghouse Electric & 
Mfg. Co.; res., 260 Shady Ave., Pittsburg, Pa. Oct. 27, 1905 
BARRETT, JOHN ARNOLD, Electrical Engineer, American Telephone and 
Telegraph Co., 15 Dey St., New York City. Jaa. 27, 1905 
Barry, CHARLES Epwarp, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Sept. 25, 1903 
Barry, Davin, Electrician and Superintendent, Amherst Gas Co., Am- 
herst, Mass. Aug. 5, 1896 


Barry, JoHN C., Testing Department, General Electric Co., Schenectady, 
N. Y. Jaa. 27, 1905 
Barry, Јонм G., General Electric Co., Schenectady, N. Y. Арг. 23, 1903 
Bartu, Max RICHARD, Kirchbachstr. 6!, Berlin W. 57, Ger. 
May 15, 1905 
BARTON, CHARLES ARTHUR, District Sales Manager, Nernst Lamp Co., 11 
Pine St.; res., 145 W. 105th St., New York City. Jan. 29, 1904 
BARTON. Beware Gustavus CAMPBELL, Managing Director, Brisbane 
Electric Supply Co., Ltd., Brisbane, Queensland. Oct. 23, 1903 
BanToN, Epwarp JAMES, Assistant Electrical Engineer, Panama Railroad 


Co. and Electric Light Co., Panama R. de P. Oct. 28, 1904 
Barton, Enos M., President Western Electric Co., 259 So. Clinton St., 
Chicago, Ш. July 12, 1887 
Barton, СЕОВСЕ Lewis, Erecting Engineer, Westinghouse Electric & 
Mfg. Co., Boston, Mass. Oct. 28, 1904 
Barton, SAMUEL Ray, Assistant Manager, Electrical Department, S. S. 
White Dental Mfg. Co., Princebay, М.Ү. , Nov. 24, 1905 
BassETT, NoRMAN CHAUNCEY, Consulting Engineer, Allis-Chalmers Co., 
Milwaukee, Wis. Aug. 25, 1905 
BATES, Francis REED, Consulting Engineer, Bogart-Bates Co., 508 Pacific 
Block, Seattle, Wash. May 17, 1904 
BATES, FREDERICK C., Electrical EDgineets General Electric Co., 41 Broad 
St., New York City. Jan. 20, 1891 


Bates, Georce Мосітом, Sales Accent Westinghouse Electric and 
Mfg. Co., 716 Board of Trade Building Boston Mass. July 19, 1904 


Bates, Louis W., 8) Columbia Heights, Brooklyn, N. Y. Mar. 25, 1904 


Bates, PurNAM A., Consulting Electrical Engincer, 42 Broadway; 
res., 12 Fifth Ave., New York City. Jan. 20, 1897 


BATSON, WALTER VENNARD, Electrical Engineer, Hollis French and Allen 
| Hubbard, Boston; res., 12 Pratt St., Allston, Mass. June 15, 1904 


Battey, PauL Leon, Electrical Engineer, The Arnold Co., 1539 Mar- 


quette Building, Chicago, Ill. Dec. 19. 1902 
Bauer, Henry NicHoLAs, Wire Chief, Southwestern Tel. & Tel. Co., 
Sherman, Tex. june 15, 1904 
-BAUGHER, E. C., Resident Engineer, Westinghouse Elec. & Mfg. Co., c/o 
Takata & Co., Tokio, Japan. Nov. 22, 1899 
Влсѕсн, FREDERICK Emit, Manager, Hooven, Owens Rentschler Co., 
1316 Chemical Building. St. Louis. Mo. | June 28, 1921 
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Baytis, James Apams, Electrical Engineer, The Bel] Telephone Co., 


Montreal, P. Q. Sep. 26, 1902 
BavNR, Howarp. Assistant to Dr. M. I. Pupin, Columbia University, 
New York City. Sep. 27, 1901 
BEACH, FREDERICK PauL, Assistant with Electrical Expert, 398 Pacific 
E.ec.ric Bidg., Los Ange.es, Cal. May 15, 1905 


Ввлсн, RALPH HAMILTON, General Electric Co., Салаба. Мехісо. 
Арг. 23, 1903 
Велі, Тнлррғесѕ R., General Manager, Poughkeepsie Light, Heat and 
Power Co., Pougnkeepsie, №. Y. Mar. 27, 1903 
Beam, Ermer E., Electrical Engineer, General Engineering Co., 316 
Electric bldg., Cleveland, Опо. Oct. 23, 1903 


Beam, Victor SHAEFFFR, Electrical Engineer, 92 N. 15th St., East 
Orange, N. J. Oct. 24, 1902 


Bean, Harry JoeL, Electrical Engineer, Department of Electricity of 
San Francisco; res., Àlameda Ave., San José, Cal. July 28, 1903 


BEATTYS. WILLIAM MENES JR: National Electrice Co., 1020 Old Colony 


Bldg., Cincago, Ш. May 19, 1903 
ВЕАОСНАМР, Lron, Manager and Electrical Engineer, Standard Construc- 
tion Co., Montreal, Que. Oct. 23, 1903 
Beaujon, ANTON Rupvutor, General Manager, East Coast E. L. P. and 
Ice Co., West Palm Beach, Fla. Nov. 25, 1904 
Beaumont, Cuas. W., [Address unknown]. Tan. 9, 1901 
Becket, BERGIE Barry, Ocean Shore Railway Co., 561 California St., 
San Francisco, Cal. May 17, 1904 


BEckMAN, MacNvs, Consulting Electrical Engineer, Linköping, Sweden. 
Apr. 28, 1905 


BECKSTRAND, Ertas Hyrum, Instructor, Engineering Department Uni- 


versity of Utah, Salt Lake City, Utah. Apr. 23, 1903 
BECKWITH, ROBERT STANLEY, Telephone Engineer, Western Electric Co., 
North Woolwich, Eng. Feb. 24, 1905 
BEDELL, CHARLES IIAMPTON, Head of Laboratory, Electro-Dynamic Co.. 
Bayonne, N. J. May 19, 1903 
Вррріл,, RAYNER Monroe, 20 North Mountain Ave., Montclair, №. J. 
Feb. 27, 1903 
Bee, Witriam G., Supt. Auto Battery Dept., Ed'son Storage Battery 
Co.; res., 875 Bloomfield Ave., Glenridge, N. J. Apr. 23, 1903 
BEEBE., Mt RRAY C., Associate Professur of Electrical Engineering, Uni- 
vers,ty of Wisconsin, Madison, Wis. Jan. 26, 1898 
BEGGs, Joun Irvin, President and General Manager, Mil. Electric Rail- 
way and Light Co., Milwaukee, Wis. Aug. 17, 1904 
BEHAN, Tuomas Warrer, Electrical Engineer, Fort Wayne Electric Со.; 
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res., 501 N. 40th St., Philadelphia, Pa. Aug. 5, 1899 
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Buti, Ковккт WiLsoN, Electrical Engineer, The New Jersey Zinc Co.. (of 
Penn.), Palmerton, Pa. Mar. 22, 1901 
BuLLARD, ALBERT Morrison, Engineering Dept., Western Electric Co., 
463 West St., New York City. Mar. 27, 1903 


BurLEN, Dana RiPLEY, General Electric Co., Schenectady, N. Y. 
Mar. 28, 1902 


BurLock, GEonmcEÉ, President, Bullock Electric Mfg. Co., 71 Broad- 


wav, New York City. Feb. 27, 1903 
Bump, Miran Ray, Engineering Corps, Denver Gas & Electric Co., 
Denver, Colo. Mar. 27, 1903 
Bunce, Тнеороке, D. President, The Storage Battery Supply Co., 239 
E. 27th Sty New York City. May 29, 1890 
BuNJE, CHARLES, JR., Draughtsman, Public Service Corporation; res., 14 
Webster Ave., Jersey City, N. J. Aug. 17, 1904 

BUNKER, ARTHUR CLIFFORD, 42 Myrtle Ave., Mortclair, N. у. 
Oct. 25, 1901 


BuRCHENAL, CHARLES Day, Assistant Electrical Engineer, Westinghouse, 
Church, Kerr & Co., 10 Bridge St., New York City. July 28, 1905 
Burcess, Evwin M., General Superintendent, Colorado Telephone Co.; 
res., 150 W. Ist Ave., Denver, Colo. June 19, 1903 
BunkETT, Cuas. Warson, Engineer, Wisconsin Tel. phone Co., Milwaukee 
Wis. Aug. 23, 1899 
BuRKHOLDER, CHARLES IRVINE, Electrical Engineer, General Electric Co.; 
res., 108 Park Place, Schenectady, N. Y. Apr. 23, 1903. 
Burnett, James AuBREY, Engineering Dept., Montreal Light, Heat 
and Power Co., N. Y. Life Building, Montreal, P.Q. Apr. 26, 1902 
BunNHnAM, GEORGE A., Electrical Engineer, Tufts College, Mass. 
Dec. 18, 1903 
Burns, Dawson }АВЕ?2, General Sales Manager, Ward Leonard Electric 
Co.; res., 602 W. 146th St., New York City. Jan. 29, 1904 
Burns, Owen C., Electrical Operator, I. R. T. Co., 74th St. and East 
| River, New York City. Mar. 27, 1903 
Burns, WirrtiaM GiBsow, Electrical Enginecr, with Jabez Burns & Sons, 
542 Greenwich St., New York City. May 19, 1903 
Burritt, ALEXANDER HAMILTON, 6 Mt. Vernon St., Cliftondale, Mass. 
April 23, 1903 
Burrouvens, Harris S., Consulting Electrical and Mechanical Engineer, 


19 William St., New York City. Nov. 30, 1897 
Burrows, МиллАМ  RessELL, Experimenter General Electric Co., 
llarrison; res., So F ourth Ave., Newark, М. J. Mar. 27, 1903 
Вовѕсн, WILLIAM Oscar, Assistant I oreman, Testing Department, Gen- 
eral Electric Co., Lynn, Mass. Apr. 23, 1903 
Burson, HERBERT ARTHUR, а Engineer, Canadian Bullock Elec- 
tric Mfg. Co., Montreal, P. Sept. 26 1902 
BurTON, CHARLES GILLETTE, у MN Engineering Co., 1029 Old 
Colony Building, Chicago, Ill. Feb. 28, 1902 
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Burton, FRANK Ули, Bryant Electric Co., 142 State St.; res., 157 Cole- 


man St., Bridgeport, Conn. Mar. 28, 1902 
Burton, Paut G., Division Supt., Chesapeake & Potomac Telephone 
Co., 722, 12th St., Washington, D. C. Nov. 20, 1895 
Воѕн, ARTHUR Киснмохро, 2d Vice-President, Union Bag & Paner Co., 
17 Battery Place, New York City. Apr. 23, 1903 
BUSHNELL, S. Morcan, Engineer, Chicago Edison Co., 139 Adams St.; 
res., Hyde Park Hotel, Chicago, Ш. Feb. 27, 1903 
BUSHNELL, WinTHROP GRANT, Salesman General Electric Co., New 
liaven, Conn. Мат. 7, 1903 
BuTLER, IIrNnv WziL, Engineer, Manhattan Railway Co.; res.. 56 
Е. 50th St., New York City. Jan. 23, 1903 
BUTLER, JOHN STARR, Sales Agent, General Electric Co., 84 State St., 
Boston; res., New Dorcuester, Mass. Apr. 23, 1903 
BuTLER, WiLLIAM C., President, The Puget Sound Reduction Co., 
Everett, Washington. Mar. 21, 1893 
BuTLER, WILLIAM WILSON SAMUEL, Supt. Engineer Grand Rapids Rail- 
way Co., Grand Rapids, Mich. Feb. 26, 1904 
BUTTERWORTH, Isaac NzrLsow, General Manager, Tri-City Electric Co.; 
rcs., 405 Brady St., Davenport, Iowa. May 19, 1903 

Buys, ALBERT, Electrical Engineer, Ovid Electric Co., Ovid, N. Y. 
Feb. 7, 1890 
BviNGTON, ALBERT Jackson, Consulting Engineer and Contractor, 
Byington & Co., Sao l'aulo, Brazil, S. A. Oct. 23, 1903 
BvrLEsBv, Henry Marison, President, Н. M. Byllesby and Co., New 
York Life Building, Chicago, Ill. May 17, 1904 
Byrnes, Evcene A., Ph.D., Byrnes & Townsend Patent Lawyers, 1918 
F. St., N. W., Washington, D. C. May 21, 1901 
Byrns, Ковевт A., Electrical Engineer, 120 Liberty St, New York 
City. Dec. 16, 1896 


CABOT, FRANCIS ELLIOTT, Assistant Secy. and Electrician, Boston Board 
of l'ire Underwriters, 55 hulby St., Boston, Mass. Apr. 17, 1895 


CaBoT, SEWALL, Electrical Dept., New England Tel. & Tel. Co., 101 Milk 


St., Boston; res., High St., Brookline, Mass. Jan. 24, 1902 
Слрү, LAWRENCE WHITTREDGE, Desigzing Engineer, General Electric 
Co.; res., 41 Mail St., Lynn, Mass. Apr. 23, 1903 


CALDERWOOD, IfucH ALEXANDER, Electrical Inspector, Underwriters’ 
Association of the Middle Dept., Pittsburg, Pa. July 28, 1903 
CALDWELL, EpwARD, Importer and Dealer, Technical Books and Period- 
icals, 114 Liberty St., New York City. Jan. 20, 1891 
CALDWELL, ErioT Linco_n, Department Superintendent, Edison Electric 
Illuminating Co., 3 liead Place, Boston, Mass. Арг. 23, 1903 
CALDWELL, EvVGENE WiLsow, Electrical Engineer, 36 W. 35th St.: res, 


20 E. 315% St., New York City. Jan. 24, 1902 
CALISCH, Jutius C., Manager Buffalo Office, General Electric Co., Flticott 
Square Building, Buffalo, N. Y. Dec. 19, 1902 
CanLvERT, Ricard C. M., Chief Operator, Cauvery Power Scheme, 
Champion Reefs, Mysore State, India. Sept. 25, 1903 


CAMERON, Henry Francis, Acting Representative, Westinghouse E. M. 
Co., 1110 Hibernia Bank Bldg., New Orleans, La. Sept. 22, 1905 
CAMPBELL, EDWARD, Secretary and Treasurer, The Germania Electric 
Lamp Co., Harrison; res., East Orange, N. J. Mar. 27, 1903 
CAMPBELL, GEORGE ASHLEY, Electrical Engineer, The American Tele- 
phone and Tel. Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
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CAMPBELL, Henry Artur, Electrician, Jamaica Electric Light & Power 
Co., Ltd., 38 Harbor St., Kingston, Jamaica, W. I. Sept. 27, 1559 


CAMPBELL, JOHN President and General Maz:ger, Electrical Auditing 
Co., 727 Оа South Bldg., Boston, Mass. Feb. 20, 1Gu4 
CAMPBELL, Јонх A., Westinghouse Electric and Mfg. Co., Pittsburg, Ра. 
Jan. 23, 1903 


CaMPBELL, ]осЕРН WirrLiAM, Canadian General Electric Co., Ltd.. 14 
King St., E.; res., 92 Glen Road, Toronto, Ont. July 28, 1903 


CAMPBELL, Witson Ler, Assistant Superintendent, Automatic Electr:c 
Co.; res., 32 So. Hoyne Ave., Chicago, Ill. Sept. 22, 10905 


CANADA, WirLrAM TosEPH, Electrica] Engineer, Ohio Inspection Burea::. 
Outlook Bldg., Columbus, О. Mar. 25, 1904 


CaNDEE, WrrraRgp L., Manager, Okonite Co., Ltd., 253 New Broadwav. 
York Сиу; res., 203 Garfield Pl., Brooklyn, N. Y. Mar. 25, 1904 


CANFIELD, CHARLES Ernest, Electrical Engineer, Western Electric Со. 


res., 1997 Lexington St., Chicago, IN. Aug. 22, 1902 
CANFIELD, Mitton C., Electrical Engineer, 48 Greymont St.. Cleveland 
Ohio. Feb. 21, 1893 
Cannon, E. F., 309 McKay Bldg., Portland, Ore. May 15, 1905 
Carp, JoHN Francis, Designing Engineer and Supt., Three Rivers Elec- 
tric Co., Three ‘Rivers, Mich. Aug. 17, 1904 
CARIAPA, CoDANDA M., Bangalore, India. July 19, 1904 
CARLEBACH, WALTER Maxwrrr, Student, Columbia University; res. 
136 W. 36th St., New York City. June 19, 1903 
CARLIN, WirrtAM Henry, Electrical Engineer, Н. Eckstein & Co., Johan- 
nesburz, 3. A. Sept. 25, 1903 


CARLTON, WILLARD GILBERT, Superintendent Power, М. Y. C. &€ H. т 
R.R., 1232 Grand Central Station, New Уогк City. Oct. 25, 1901 
CARMAN, Cranr Es Witney, Partner, Charles Whitney Carman & Co., 


657 Railway Exchange, Chicago, iil. June 15, 1904 
CARNAGHAN, E. D.M E., Ventanas Consolidated Mining and Milling Co. 
Villa Corona, Do. Mexico. July 26, 1900 
CARPENTER, Спас. E., Vice-president, Carpenter Enclosed Resistance Co , 
79 E. 130th St., New York City. Aug. 5, 1896 
CARPENTER, EUGENE, Superintendent, Orange County Power Co., Cudde- 
bacaville, Pa.; res., Newton, Mass. Oct. 28, 1904 


CARPENTER, [Trvry Cannon, Assistant in Engineering Department N №. 

Telephone Co.; res., 113 E. 69th St., New York City. Oct. 25, 1901 
CARPENTER, Howanp Dorv, University of Maine, Orono, Me. 

| Mar. 24, 1905 

CARPENTER. TTt pert VentoN, Professor of Mechanical Engineering, 

Washington Agricultural College, Pullman, Wash. Feb. 27, 1903 

CARR, ALFRED Epwarn, Electrical Engineer, Power House, Formby, 


near Liverpool, Eng. July 28, 1503 
Carr, Joun HERBERT, Chief Electrician, Arnold Print Works, North 
Adams. Mass. Dec. 18, 1903 


CARROLL, Morris B., 107 Union St., Schenectady, N. Y. June 15, 1904 
CARTER, FREDERICK WirLtAM, A.A.. British Thomson-Houston Co, 
Ltd., Rugby, Eng. Sept. 28, 1898 
CARTER, Henry Harcourt, 185 Schermerhorn St, Brooklyn, №. Y. 
Nov. 25, 1904 
CARTER, THomas BarLey, Supervisor of City Lighting. St. Louis, Mo. 
Dec. 18, 1903 
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CARTWRIGHT, CRELLIN, Tester, General Electric Co.; res., 773 State St., 
Schenectady, N. Y. Dec. 18, 1903 


CASE, WILLARD E., 196 West Genesee St., Auburn, N. Y. Feb. 7, 1888 


Case, WILLIAM MELANCTHAN, Manager and Superintendent, Queen City 
Electric Light and Power Co., Clarksville, Tenn. Mar. 27, 1903 


Cassipy, Jonn. Superintendent Mutual Telephone Co., Honolulu, Ha- 


апап Islands, U.S. A. Nov. 23, 1898 
CASSIER, Louis, Editor, Cassier’s Magazine, 3 West 29th St., New York 
City. Aug. 17, 1904 
Catcnincs, Е. P., Electrical Engineer, North Georgia Electric Co., 
Gainesville, Ga. Aug. 25, 1905 
Сес, Tuomas, Chief Electrician, New York Herald, Broadway and 35th 
St., res., 23 Manhattan Ave., New York City. April 23, 1903 


Cuace, PauL Griswo_p, Electrical Engineer, D. Н. Burnham & Co., Rail- 
way Exchange; res., 5740 Rosalie St., Chicago, Ill. Маг. 27, 1903 


СнАсЕ, WILLIAM GREGORY, Electrical Engineer, 25 Toronto St., Toro~to, · 


Out. Oct. 23, 1903 
CHALMERS, CHARLES Henry, Vice-president and General Manager, Filec- 
tric Machinery Co., Minneapolis, Minn. Feb. 27, 1903 
CHAMBERLAIN, AARON FRANTLIN, Westinghouse Electric and Mfg. Co.; 
1007 New England Bldg., Clevelai.d, О. Dec. 19, 1902 
CHAMBERLAIN, Rurvs N., Superintendent, Gould Storage Battery Co., 
Depew, N. Y. Mar. 25, 1904 
CHAMBERS, FRANK Ross, Jr., Engineer, Barstow & Chambers, Failing 
bldg., Portland, Ore. Oct. 23, 1903 
СнАрїч, CHanLES Н. B., Contract and Inspection Dept., New York 
Edison Co., 30 W. 32d St., New York City. Oct. 27, 1905 
CHAPMAN, A. WniGHT, 160 Hicks St., Brooklyn, N. Y. Mar. 25, 1896 
CHAPMAN, CHARLES ARTHUR, Consulting Engineer, 1041 Marquette Bldg., 
Chicago, Ш. Mar. 24, 1905 


CHAPPELL, WALTER E., Engineer, British Westinghouse Electric & Mfg. 
[Life Mem*.r.] Co., Ltd., Tratford Park, Manchester, Eng. May 16, 1899 


CuHaseE, BURDETTE LEONARD, Superintendent of Line Construction, Co- 


lumbus Railway and Light Co., Columbus, О. Feb. 26, 1904 
CHASE, CHARLES ALBERT, Engineer, Mexican General’ Electric Co., 
Mexico City, Mex. Apr. 23, 1903 
СнА$Е, MELVILLE B., Westinghouse Electric & Mfg. Co., 131 State St., 
Boston; res., 491 Western Ave., Lynu, Mass. May 15, 1905 


CHEEVER, MARKHAM, Telluride Power Co., Provo, Utah. Sept. 25, 1903 
CHEEVER, PAUL, Assistant to Electrical Engineer, Ontario Power Co., 


Niagara Falls Centre, Ont. Jan. 27, 1905 
CHELLIS, GEORGE FREDERICK, Foreman, Interborough Rapid Transit Co., 
103 E. 19th St.. New York City. Mar. 24, 1905 
CHERRY, Егоүр H., Assistant General Superintendent, American Falls 
P. L. & W. Co., Pocatello, Idaho. June 19, 1903 
CHESTER, M. E., Telephone Engineer, Western Electric Co., 463 West St.; 
rcs., 206 Manhattan Ave., New York City. Feb. 28, 1902 


CuETwoop, Ковевт Enes, JR., Assistant Electrician, The American 
Teleph. and Tel. Co., 22 Thames St., New York City. Mar. 27, 1903 
CHEYNEY, ALGERNON Ковевтѕ, Station Supt. The Phila.Electric Co., 28th 
and Christian St., Philadelphia, Pa. Apr. 23, 1903 
CHILDS, JOSEPH SAMUEL, Electrician, 596 William St., Buffalo, N. Y. 
Mar. 25, 1904 
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Сніірѕ, SUMNER W., Construction Engineer, J. G. White & Co., Rut- 


land, Vt. May 15, 1594 
CHINN, Orat Murat, Electrician, Mt. Vernon Electric Light and Railway 
Co., Hotel Fultz, Mt. Vernon, O. Mar. 24, 1905 
CHISHOLM, FREDERICK JOHN, Electrical Engineer, Allis-Chalmers Co.. 
2U9 S. W. Temple St., Salt Lake City, Utah. May 19, 1903 
Сновв, WILLIAM: Mason, Assistant Electrical Engineer, Signal Corrs. 
О. 5. A., 39 Whitehall St., New York City. Nov. 24, 1960 


CHUBBUCK, LEONARD Burrows, Engineering Department, Westinghouse 
E. & Mfg. Co.; res., 510 South Ave., Pittsburg, Pa. Feb. 25, 1902 
CHURCHWARD, ALEXANDER, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Mar. 27, 1903 
CLACK, CHnanr.Egs WILLIAM, Telephone Engineer, Western Electric Co., №. 
Woolwich; res., Finsbury Park, London, Eng. May 19, 1903 


CrAFLIN, GEorGE EpwiwN, Electrical Engineer, United Electric Securities 
Co., 68 Ames Bldg., Boston, Mass. May 15, 14035 
CLARK, Cuas. M., E.E., Clark & MacMullen, 22 Broad St., New York Citv. 
Apr. 22, 1896 

CLARK, CLARENCE Doane, Engineering Department, California Gas & 


Elec. Co., Napa, Cal. May 19, 1903 
CLARK, FARLEY GRANGER, Superintendent Power Station, Penn., N. Y. 
& L. I. К.К. Co., Long Island City, N. Y. Арг. 26, 1901 


CLARK, Мовмлм FREDERIC, Electrical Engineer, Wm. E. Baker & Co.; 
27 William St.; res., 120 W. 116th St., New York City. Jan. 23, 1903 
CLARK, Tuomas E., Electrical Engineer, 309 Stevens Building, Detroit, 


Mich. Feb. 26, 1904 
CLARK, WarraAcE S., Engineer, Wire, Cable and Tube Department, 
General Electric Co., Schenectady, N. Y. Apr. 25, 1902 
CLARK, WaAtLTER G., Engineer and Manager, Kilbourne & Clark Co., 815 
. Second Ave., Seattle Wash. Mar. 27, 1903 
CLARK, Ww. Ерліх, Clark & Mills, Engineers and Contractors, 543 
Boviston St., Boston, Mass. Aug. 23, 1899 
CLARK, WirrtiAM J., General Manager, Foreign Dept., General Electric 
Co., 44 Broad St., New York City. Apr. 22, 1896 
CLARK, WINFRED NEWCOMBE, Superintendent, Peublo & Suburban Trac- 
tion & Lighting Co., Victor, Colo. Mar. 24, 1905 
CLARKE, HERBERT ALMYR, Consulting Engineer, 829 Perry Building, 
Philadelphia. Nov. 25, 1904 
CLARKE, Leon, Electrical Engineer, Jackson & Corbett Bridge & Steel 
Works, 50 Mendell Ave., Chicago, Ill. July 28, 1903 
Crary, CravpbkE L., Salesman, Western Electric Co.; res., 810 Spruce St., 
St. Louis, Mo. May 19, 1905 

Cray, Joun ALLEN, Electrical Engineer, Animas Power & Water Co., 
Silverton, Col. Oct. 28, 1904 


CLaypootr, Curtis, Estimating and Superintending Construction, Clay- 
poole Electric Co., 47 W. 10th Ave., Columbus, О. Apr. 23, 1903 


CLELAND, Harry W., 1012 Wood St., КОЕ НЕГ, Pa. Dec. 18, 1903 
CLEMENT, EDWARD E., Patent Attorney and Electrical Expert, McGill 


Building, 908 G St., N.W., Washington, D. C. May 18, 1897 
CLIFF, RICHARD CHARLES, Cona Electrical Engineer, Savings Bank 
Building, Cape Town, S. A. Sept. 25, 1903 


CLIFFORD, Harry ELLsworTtH, Prof. Theoretical Electricity, Massachusetts 
Institute of Technology, Boston; res., Newton, Mass. May 15, 1905 
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Curt, ARTHUR S., Chief Mechanical Engineer. Siemens Bros. & Co., Ltd., 


Woolwich, Kent, Eng. Sept. 27, 1901 
CLINGERMAN, Byron Horace, Electrical Engineer, J. G. White & Co., 
39 N. Washington St., Wilkesbarre, Pa. May 15, 1905 
CLOHESEY, Tuomas F., Stanley С. I. Electric Mfg. Co., 505 Postal 
Telegraph Building, Kansas City, Mo. Sept. 25, 1903 
CLORAN, GERALD JOSEPH, Electrical Engineer, 1288 Amsterdam Ave., 
New York City. June 19, 1903 
CLoucH, ALBERT L., Manchester, М. Н. Feb. 21, 1894 
CLOUGH, FrepericK Повтом, Alternating Current Designing Office, 
British- Thomson-l1ouston Co., Rugby, Eng. ` June 19, 1903 
CoaTEs, CHARLES Benjy., Electrical Engineer, Chicago Pneumatic Tool 
Co., 1010 Fisher i3ldz., Chicago, Ill. Jan. 23, 1903 
COBLE, FREDERICK H., Electrical Engineer, Testing Bureau, Brooklyn 
Heights К.К. Co., Brooklyn, N. Y. May 15, 1905 
CocHRAN, Berry Wynn, Palmetto, Ga. June 19, 1903 
COCHRAN, Ropert Barter, Student in Electrical Testing Department 
General Electric Co., Lynn, Mass. Apr. 23, 1903 
COCHRANE, Harry НАМІ ton, Instructor in Physics, Cornell University, 
Ithaca, N. Y. Nov. 25, 1904 
CODMAN, JOHN STURGIS, Consulting Engineer, 220 Devonshire St.; res., 
57 Marlborough St., Boston, Mass. Feb. 15, 1899 
Copy, L. P., Manager and Engincer, Grand Rapids Electric Co., 9 South 
Division St., Grand Rapids, Mich. Aug. 5, 1896 
Corrin, СНАЅ. A., General Electric Co., 44 Broad St., New York City. 
Dec. 6, 1887 


CorrIN, STANLEY D., Western Electric Co., Chicago, Ill. Mar. 24, 1905 
Cocan, Henry MaNwNiNG, Electrical Engineer, The American Sugar 


Refining Co., kent Ave., Brooklyn, N. Y. Sept. 26, 1902 
CoGGESHALL, ALLAN, Assistant Professor of Electrical Engineering, Ohio 
State Uriversity, Columbus, Ohio. Jan. 27, 1905 
CocciN, WirLiAM Lonp, Tester General Electric Co.; res., 10 Arlington 
St., Lynn, Mass. Арг. 22, 1904 
Сосним, Joun P., Electrical Engineer and Contractor, Page Electric Co., 
24 Pearl St., Worcester, Mass. Sept. 27, 1901 
Соно, HERBERT B., Sales Manager, Burke Electric Co., 26 Cortlandt St., 
New York City: res., Mt. Vernon, N. Y. Mar. 21, 1894 
CoKErair, Francis ALBERTSON, Chief Engineer, Great Northern Power 
Co., Duluth, Minn. Sept. 25, 1903 
Cosy, SarrorD KINKEAD, Manager N. Y. Office, The Pittsburg Re- 
duction Co., 99 John St., New York City. May 19, 1903 
CorpwELL, Orin B., Operating Superintendent and Electrical Engineer, 
Portland General Electric Co., Portland, Ore. Mar. 27, 1903 
Core, GroncE MansHALL, Engineer, Plattsburg Light, Heat & Power 
Co.. Plattsburg, М. Y. July 25, 1902 
CoLE, Georce Percy, Motor Designing Engineer, Wagner Electric Mfg. 
Co.; res., 814 Alby St., Alton, Ill. Oct. 23, 1903 
COLE, Henry Ernest, Electrical Engineer, 1023 Park Building, Pitts- 
burg, Pa. July 28, 1903 
Сов, RoBERT CHARLES, Engineer, Johns-Pratt Со.; res., 18 Marshall 
St., Hartford, Conn. Feb. 27, 1903 
CoLEMAN, S. WALDo, 1834 California St., San Francisco, Cal. 
june 15, 1904 
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Corema, Water H., Supt. and Treasurer, Andover Electric С“. 
Andover, Mass. Sept. 28, 1555 


Cores, Epmunp P., Engineer, Scofield Co., Philadelphia, Pa. Oct. 23, 1893 
Cores, Henry A., Salesman, Westinghouse Electric and Mfg. Co., 623 Ez- 


pire Building, Atlanta, Ga. Mar. 25, КАА 
CoLLETT. Sawv rt, D , Eastern Manager, Elevator Supply and Repair Со. 
130 Liberty St., New York City. Feb. 26, 1596 
Cotnier, Wirrtam Rawson 'Local Secretary, Electrical Engineer, 
Collier & Brown, Atlanta, Ga. May 19, 1903 


CoLLiNs, AncmrE Frepoerick, Elec. Engineer and [nventor, Collins Wire- 
less Tclcph. and Tel. Co., 11 Broadway, New York. June 25, 1901 


Cotuins, Curtis C., Electrical Engineer, Hotel Vendome Columbus. 


Qo. Oct. 24. 1902 
CorriNs, Encar Francis, Foreman, Testing Department, General Elec- 
tric Co., Schenectady, N. Y. June 15, 1А 
CoLLvER, ALFRED., District Manager, Bullock Electric Mfg. Co., 402 
Merchants’ Bank Building, Montreal, Can. Aug. 22, 1902 
CorLwErL, FREDERICK CHARLES, Bullock Electric Mfg. Co., Cincinnati, 
Ohio. Mar. 27, 1903 


Сомѕтоск, CHARLES WorTHINGTON, Consulting Engineer, Engineering 
Co. of America, 213 Boston Building, Denver, Colo. June 19, 1903 


CONANT, STUART Mortimer, Vice-President and General Manager. 


Southern Cor:truction Co., Atlanta, Ga. Feb. 26, 1904 
Сохріт, Benson CrARE, Superintendent, American River Electric Co.: 
res., 304 Weber Ave., Stockton, Cal. July 19, 1904 
Сохит, CLYDE Ernest, Goldtield Electric Light and Power Co., Gald- 
ficld, Nevada. July 19, 1904 
Coxxrixc, DeWitt C., Inventor and Model Maker; res, 1215 Wash- 
ington St., Hoboken, №. J. Sep. 25, 1903 
CONKLIN, OLIVER Francis, Consulting Electrical Engineer, The Robbins 
& Myers Co., Springfield, Оһо. Oct. 25, 1901 
CoNLEE, FREDERICK Monroe, Chief Draftsman, Northern Electric Mfg. 
Co.; res. 1212 Spaight St., Madison, Wis, Dec. 18, 1903 
CONN, PRANK W, Superintendent, N. Y. & N. T. Tel. Co., 81 Willoughby 
St.; res., 77 St. James P1, Brooklyn, N. Y. July 28, 1903 
Connitt, Harry Westcott, Assistant, Dept. of E. E., Syracuse Univer- 
Шу, res., 114 W. Adams St., Syracuse, N. Y. May 15, 1905 
CONRAD, Ёш. Electrical Engineer, Westinghouse Electric & Mfg. 
Co., Pittsburg; res., Edgewood Park, Pa. Dec. 19, 1902 


Converse, V. G., Ontario Power Co., Niagara Falls South, Ont. 
Nov. 23, 1900 
CoNWELL, Warter Lewis, Westinghouse Electric and Mfg. Co., 11 Pine 
э, New York City; res., Upper Montclair, N. J. May 20, 1902 
Cook, ARTHUR Leroy, Assistant Instructor in App ed Electricitv, Pratt 
Insitute; res., 705 Sterling Place Brooklyn, N. Y. Dec. 19, 1902 
Соок, Harry Lawrence, Inspector of Lighting Department, Columbus 
Railway and Light Co., Columbus, О. Feb. 26, 1904 
Соок, JAMES Carr, Constructing Engineer, Jos. B. McCrary, Geneva, Ala 
June 19, 1903 
Cooke, Tou WirrttAMSoN, Operating Department Engineer, Electric 
Storage Battery Co., 60 State St., Boston, Mass. Feb. 26, 1904 
Cooper, Jons Sisson St. GEo&RGE, Apprentice, British Westinghouse 
E. and M. Co., Tratford Park, Manchester, Eng. Apr. 25, 1905 
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Cooper, УЎпллАМ Ransom, Consulting Engineer, with James Swinburne, 


52 Victoria St., London, Eng. July 25, 1902 
Cope, ALBERT NaTHAN, Electrical Engineer, Columbus Public Service Со. ; 
res., 191 ЇЧ. 215% St., Columbus, О. Apr. 22, 1904 
CoPELAN», CLEM A., Office Edison Electric Co., 441 Bradbury Blde., Los 
Angeles, Cal. June 23, 1897 
CoPLEv, ALMON WARREN, Engineer, Dept. Standards, Westinghouse E. 
& M. Co., Pittsburg; res., Wilkinsburg, Pa. Jan. 29, 1904 
Cora, CHARLES ANTHONY, Central Union Tel. Co., 35 West Ohio St., 
Indianapolis, Ind. Dec. 19, 1902 
Corsett, Laurence Jay, So. 324 Howard St., Spokane, Washing- 
ton. Mar. 27, 1903 
Cornett, Jonn B., Niles-Bement-Pond Co., 111 Broadwav. New York 
City. Sept. 25, 1895 
Corninc, Jons Woonsing, Electrical Engineer, Boston Elevated Rv. Co; 
439 Albany St., Boston; res., Brookline, Mass. Jan. 23, 1903 
Cornman, Grorce W. W. Jr., Supt. Keystone Elec. Inst. Co., 9th & 
Montgomery Ave., Philadelphia, Pa. jan. 23, 1903 
CORNWALL, CLEMENT ARTHUR, Engineer in charge of shift, B. C. Electric 
Railway Co., Vancouver; res., Ashcroft, B. C. May 19, 1903 
Corson, WirrLiAM R. C., Consulting Electrical Engineer, 36 Pearl St, 
llariford, Conn. Jan. 17, 1893 
Соѕво, GEoRGE Epwanp, Chief Electrician, Solvay Process Co.; res., 123 
Eri? St., Syracuse, №. Y. Oct. 28, 1904 
Costa, Lovrs J., Manager, Jandus Electric Co., 1229 Real Estate Build- 
ing; res., 5010 Newhall St., Philadelphia, Pa. Apr. 22, 1904 
CouLtter, LEONARD Porter, Electrical Engineer, Cutler-Hammer Mfg. 
Co.; res., 673 28th St., Milwaukee, Wis. Apr. 28, 1905 
Coventry, У/пллАМ Henry, Electrical Engineer, International Paper 
Co., Palmer, N. Y. Mar. 24, 1905 


Cowen, Jurian Betty, Manager of Export Department, General Incan- 
descent Arc Light Co., 572 First Ave., New York City. Feb. 28, 1902 


CowciLL, Jonn SHEPHERD, Electrical Engineer, Three Rivers Electric 


Works, Three Rivers, Mich. Dec. 23, 1904 
Созу, GERALD ARTHUR, Commercial Engineer, General Electric Co., 
Melbourne, Victoria. Mar. 25, 1904 
CowriNcG, Joun T., Electrical Engineer, Westchetser Lighting Co., Mt. 
Vernon, N. Y. Nov. 25, 1904 
Cowrer-Cores, SHERARD OSBORN, Grosvenor Mansions, 82 Victoria St., 
London, S. W., Eng. Aug. 22, 1902 
Сох. CuanLES Gorpon, Testing Department, General Electric Co.; res., 
115 Park Ave., Schenectady, N. Y. Jan. 27, 1405 
Crass, CHARLES Louis, Mechanical Engineer, Ingersoll, Sergeant Drill 
Co., 36 So. 12th St., Easton, Pa. | Nov. 20, 1903 
Craic, Tromas EpGar, Salesman, General Electric Co., 84 State St., 
Boston; res., 256 So. Common St., Lynn, Mass. Feb. 27, 1903 
CRAIN, JOHN Jay, Quincy, Mass. Dec. 16, 1896 
Crain, L. D., Assoc. Prof. Mech. Eng., The State Agricultural College, 
Fort Collins, Colo. Jan. 23, 1903 
Cramer, Leroy B., Engineering Department, Westinghouse Electric ard 
Mfg. Co., East Pittsburg, Pa. July 28, 1905 
Crampton, Stewart Hooker, First Asst. Supervising Eng., N. Y. 
Teleph. Co., 30 Gold St., New York City. Jan. 23, 1903 
CRANE, ALBERT SEARS, Engineer, J. б. White & Co., 43 Exchange Pl., 
New York City. Oct. 28, 1904 
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CRANE, CHARLES EuGENE, President and Manager, Mutual Light and 


Heat Co., Seattle, Wash. Apr. 22, 1904 
CRANE, Нлһогр GILLILAND, Student, Massachusetts Institute of Tech- 
nolozy, Boston, Mass. june 14, 1905 
Crane, Henry MippLEBROOKR, Western Electric Co., 463 West St.; res, 
532 Fifth Ave., New York City. Mar. 27, 1903 


CravaTH, JAMES Rargv, Western Editor, Street Railway LUE 1139 
Monadnock Block, Chicago, Ill. vov. 23, 1901 
Crawrorn, Davip Francis, General Supt. Motive Power, Penn’a Co., 
Union Station, Pittsburg, Pa. Sept. 25, 1895 
CRAWFORD, JACK RANDALL, 17 Stratton St., W. London, Eng. 
Dec. 19, 1902 
CrawProrn, Norman McDonatp, General Manager, Hartford Street Rail- 
way Co., 753 Main St., Hartford, Conn. Mar. 27, 1903 
CREAGHEAD, THoMas J., President and General Manager, Creaghead 
Engineering Co., 313 Walnut St., Cincinnati, Ohio. Sept. 20, 1893 
CREAGH, Epric CoLLINGw оор, Assistant Engineer, Noyes Bros.; res. 
203 Maitland St., Dunedin, N. Z. Oct. 27, 1905 
CREELMAN, ADAM, Superintendent, Rockland Electric Co., Hillburn, N. Y. 
Mar. 27, 1903 
Crenore, ALBERT C., Ph.D., The Crehore-Squier Intelligence Transmis- 
sion Co., Lincoln Terrace, Yonkers, N. Y. Dec. 21, 1892 
CREIGHTON, ELMER ErLrLswonTH FARMER, Assistant Prof. in Electrical 
Engineering, Union University, Schenectady, N. Y. May 20, 1902 
Cressy, Louvis Acassiz, Shop Electrician, Electric Vehicle Co., Hartford, 


Conn. Aug. 17, 1904 
CROCKER, JAMES ROGER, Acker Process Co., Niagara Falls, N. Y. 
Dec. 19, 1902 
CROCKER, OLIVER P., Fire Alarm Salesman, Gamewell Fire Alarm Co., 
623 Equitable Bldg., Atlanta, Ga. Oct. 27, 1905 
Crort, TERRELL УУПЛДАМ5, Assistant E litor, The Amertcan Telephone 
Journal, 116 Nassau St., New York City. Jan. 29, 1904 
Cross, Epmunp Rust, Dynamo Testing, Department Westinghouse Elec- 
tric and Mfg. Co., ‘Pittsburg, Pa. Feb. 27, 1903 
Cross, Tuomas A., Superintendent, United Railways and Electric ae 
1005 Continental Trust Co., Baltimore, Md. Mar. 24, 190 
CrossMAN, GILBERT, Telephone Engineer, Western Electric Co., 463 West 
St.; res., 145 W. 10th St., New York City. Nov. 22, 1901 
CROWELL, Hos ARD Horton, Manager, General Electric Co., 602 S. A. 
and K. Bldg., Syracuse, N. Y. Sept. 22, 1905 
CROWELL, RonBiNsoN, Electrician, Standard Electric Co., Sutter Creek, 
Cal. Dec. 28, 1898 


Crozier, Hernert WirLIAM, Assistant Electrical Engineer, with R. S. 
Masson, 769 racine Electric Bldg., Los Angeles, Саі. Apr. 23, 1903 


CRUMPTON, WILLIAM JAtRUS, 1111 Maple Ave., Superior, Wis. 
Sep. 25, 1903 


CULLEN, EDWARD L., 9 Woodland St., Worcester, Mass. July 28, 1903 


CULVER, FRanx S., Salesman, Northern Electric Mfg. Co., Madison, Wis. 
Dec. 18, 1903 


CuMMISKEY, УУПЛЛАМ MicHAEL, Electrician, National Elevator Со.; res., 


1217 West St., Honesdale, Pa. April 23, 1903 
CUNNINGHAM, E. R., Des Moines City Railway Co., 607 Mulberry St., Des 
Moines, Iowa. Jan. 22, 1896 
CUNNINGHAM, Карн Epwin, Testing Department, Edison Electric Co.; 
res., Redondo, Cal. | Jan. 29, 1904 
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CUNNINGHAM, RicHARD H., Instructor in Electro-Physiology, Columbia 
University; res., 201 W. 54tn St., New York City. May 21, 1901 


CUNTZ, JOHANNES H., Engineering Magazine, 140 Nassau St., New York 


City; res., 325 Hudson St., Hoboken, N. J. Mar. 5, 1889 
CURRIE, Harry ALLAN, Electrician, N. Y. С. & H. R. R.R. Co; res., 474 
Bedford Ave., Brooklyn, N. Y. Apr. 23, 1903 
CuRRIE, N. M., Electrical Engineer, Electric Light Department, Cia de 
Gas de Valparaiso, Valparaiso, Chili. Feb. 15, 1899 
CuRRIE, WILLIAM, JR., Electrical Engineer, 89 Union Ave., Montreal, 
Que. July 25, 1902 


Curtis, CARL CrirToN, 511 Hayes Ave., Sandusky, О. Aug. 22, 1902 
CURTIS, KENNETH L,vERMonE, Instructor, Leland Standford, Jr., Uni- 


versity, Stanford University, Cal. Oct. 27, 1905 
Curtis, LEoNARD E., Vice-president and Treasurer, Guanajuato Power 
and Electric Co., Colorado Springs, Colo. May 17, 1904 
CvsnuiNc, Ira May, Designing Electrical Engineer, General Electric Co.; 
Boston; res., 19 Harris St., Brookline, Mass. June 14, 1905 
Cu TCHEON, FREDERICK RICHARD, Superintendent Electric Dept., St. Paul 
Gas Light Co., St. Paul, Minn. Dec. 15, 1905 
CuTLER, Eriuu HERBERT, Manager, The Elektron Mfg. Co., 84 West- 
minster St., Springfield, Mass. Apr. 23, 1903 
CuTLER, Henry H., Vice-president and Chief Engineer, The Cutler- 
Hammer Mfg. Co., Milwaukee, Wis. June 19, 1903 
CuTLER, JAMES ELMER, Stanley Electric Mfg. Со., 29 Broadway, New 
York City. Apr. 25, 1902 


CUTTER, Fren Bertram, Electrical Engineer, Rossiter, MacGovern & Co., 
17 Battery Place; res., 34 7th Ave., New York City.” July 28, 1905 
Daccett, RoyaL Bnapronp, Electrical Engineer, Electric Storage Bat- 
tery Co., 326 Rialto Building, San Francisco, Cal. Jan. 25, 1899 
DAHLANDER, RosBznr, Electrical Engineer, The Roval Government of the 


Railways of Sweden, Stockholm, Sweden. May 19, 1903 
DALTON, NELSON Wait, Electrical Engineer, Hartford Carpet Corporation 
Thompsonville, Conn. June 15, 1904 


Dacy, WILFRID AuGusTIN, Hudso» Terrace, Yonkers, М.Ү. Nov. 25, 1904 
Damon, Geo. A., Managing Engineer, The Arnold Co., 1539 Marquette 


Building, Chicago, Ill. June 24, 1898 
Damon, JOHN CHURCHILL, Student, Massachusetts Institute of Technol- 
ogy, Boston; res., Concord, Mass. July 28, 1905 
DANFORTH, JOHN BucuHanan, Electrician, Southeastern Tariff Associa- 
tion, 529 Equitable Bldg., Atlanta, Ga. June 14, 1905 
DaNiELs, Harod Pratt, Engineer, Peet, McAnerney & Powers, 225 
Fourth Ave., New York City. Dec. 19, 1902 
DANIELSON, Ernst, Technical Director, Allmanna Svenska Elektriska, 
A. B.. Westeras, Sweden. June 27, 1895 
DANN, WALTER MELVILLE, Engineering Apprentice, Westinghouse Elec- 
tric and Mfg. Co., Pittsburg, Pa. Aug. 17, 1904 


DarBY, WALTER RaiNzs, Pittsburg Reduction Co., 99 John St., New 
York City; res., 18 Summit Ave., Westfield, N. J. May 20, 1902 


DARRACH, BRADFORD, JR., Construction Engineer, Electric Storage Bat- 
tery Co., 39 Stanhope St., Boston, Mass. Feb. 26, 1904 


Dassont, FREDERICK HumBERT. Engineering Dept., N. Y. & N. J. Tele- 
phone Co., 81 Willoughby St., Brooklyn, N. Y. May 21, 1901 


Dates, Henry B., Professor of Electrical Engineering, Case School 
of Applied Science, Cleveland, O. : Dec. 28, 1898 
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DAVENPORT, ALFRED La Все, Tester, Edison Electric Co. of Los Angeles; 
res., 1155 American Ave., Long Beach, Cal. Apr. 22, 1904 


Davipson, Epw. C., Patent Lawyer, 141 Broadway, New York City. 
Feb. 7, 1890 
Davipson, JoHN CLARENCE, Electrician and Chief Engincer, S. S. White 
Dental Mfg. Co., Princebay, N. Y. May 19, 1903 


Davipson, RoLLAND ARTHUR, 58 Wiliam St., New York City. 
Mar. 27, 1903 


Davies, JoHN HUBERT, Senior Partner, Hubert Davies & Spain, Johannes- 


burg, S. A. Oct. 23. 1903 
Davis, ARTHUR PERCY, Walpole, №. Н. July 28, 1903 


Davis, CuaRnLES BnipcE, Local Manager of Boston Office, General Elec- 
tric Co., 84 State St., Boston; res., Lexington, Mass. Apr. 23, 1903 
Davis, CHARLES STAPLES, Holtzer-Cabot Electric Co., Brookline. Mass. 
Feb. 26, 1904 
Davis, CHARLES WoorsrEv, Westinghouse Electric and Mfg. Co., Wilson 
Building, Dallas, Texas. . Oct. 28, 1404 
Davis, DELAMORE L., Superintendent, Salem Electric Light and Power 
Co., 299 Lincoln Ave., Salem, Ohio. | Арг. 2, 1559 
Davis, ERNEsT Encar, Mechanical and Electrical Enginecr, Davis & 


Forrest, Savannah, Ga. Nov. 20, 1903 
Davis, FRED Horne, Consulting Engineer, Winchester House, Loveday 
St., Johannesburg, Transvaal. Sept. 25, 1903 
Davis, G. Ѕлмғовр, Construction Foreman, Canadian General Electric 
Co., 272 Portage St., Winnepeg, Manitoba. Mar. 25, 1904 
Davis, Jesse Hoon, Assistant Electrical Engineer, Baltimore & Ohio 
R.R. Co., Camden Station, Baltimore, Md. June 19, 1903 
Davis, Joe Matutas, Electrician, Armour Glue Works, 3130 Benson St.; 
res., 3345 Dearborn St., Chicago, Ш. Sept. 22, 1005 


Davis, Lrsrig Foster, Secretary and Manager, Jamaica Electric Light & 
Power Co., Ltd., 38 Harbor St., kingston, Jamaica. Sept. 27, 1899 
Davis, Риплр W., Engineer of New England Office, The Electric Storage 


Battery Co., Boston; res., Cambridge, Mass. May 15, 1900 
Davis, Ricumonp PEARSON, Instructor in: Electricity, School of Sub- 
marine Defense, Fort Totten, N. Y. Apr. 22 1904 
Davis, Soromon, Proprictor, The Conduit Wiring Co., 14 West 29th St., 
New York City. July 25, 1902 
Davis, WirrtAM GRIFFITH, Electrical Engineer, Charles L. Seeger, Primera 
Humboldt 10, Mexico City, Mex. Oct. 24, 1902 


Davis, W. J., JR., Electrical Engineer, General Electric Co., Schenectady, 
М.Ү. Маг. 20, 1595 
Davovp, VAHRAM YETTOART, Iroquois Construction Co., Fidelitv Bldg., 


Buffalo, N. Y. Feb. 24, 1905 
Dawson, Josian, Contractor for Electric Light and Power, ete., Cuba 
Street Extension, Wellington, New Zealand. Jan. 9, 1901 
Dav, CiranrEs, Dodge & Day, Nicetown; res., Germantown, Philadelphia, 
la. Mav 20, 1902 
Day, WINTERTON James, Power and Mining Engineering Department, 
General Electric Co., Schenectady, N. Y. June 19, 1903 
DEAN. GEORGE COOPER, Member of firm Johnston and Dean, 11 Pine St.; 
res., 823 West End Ave., New York City. May 17, 1904 


DEAN, WALTER CLARK, Electrical Draughtsman in charge Equipment 
Department, Norfolk Navy Yard; res., Norfolk, Ма. Sept. 17, 1901 
DEAN, WILLIAM TUCKER, 250 E. 76th Chicago, Ill Apr. 23, 1903 


(23) 


— _ 


ASSOCIATES. 63 


Dean, WILLIAM WARREN, Vice-president Dean Electric Co., Elyria, O. 


Nov. 21, 1902 

DE AROZARENA, RAFAEL Maximo, Consulting Engineer, City of Mexico, 
Mexico. Sept. 27, 1901 

De BrLois, Lewis Amory, Electrical Engineer, California Powder Co., 
Wells Fargo Bldg., San Francisco, Cal. Sept. 25, 1903 

DE CASTRO, AMERICO VIEIRA, Chief Engineer, Electric Tramway Co., Porto 
Portugal. Mar. 25, 1904 


De Crow, CHARLES Epwarp, In charge of Power Apparatus, Output 
Dept., W. E. Co., 259 So. Clinton St., Chicago, Ill. Sept. 27, 1901 
DECKER, RuDOLPH J., Consulting Eléctrica] and Mecharical Engineer, 
К. E. Briggs & Co., Mexico City, Mex. Feb. 26, 1904 
DECKER, WARD, Manufacturing Electrical Specialties and Automobiles, 
Owego, N. Y. May 19, 1903 
DEEDS, EpwaARD ANDREW, Assistant General Manager National Cash 
Register Co., Dayton, O. Nov. 23, 1900 
DE CHATELAIN, MIKAIL ANDREJEVITCH, Professor of Electrical Engineer- 
ing, Wasily Ostrow, 10 line No. 5, St. Petersburg. Nov. 23, 1900 
DE FERRANTI, SEBASTIEN ZIANA, Managing Director, de Ferranti, Ltd.; 
res., 31 Lyndhurst Rd., Hampstead, London, Eng. Мау 19, 1903 
De Forest, LEE, Scientific Director, De Forest Wireless Telegraph Co., 


Commonwealth Trust Buildi..g, St. Louis, Mo. Mar. 25, 1904 
DEGEN, Lewis. Rio de Janeiro Tramway Light and Power Co., Rio de 
Janeiro, Brazil. Sept. 25, 1895 
De Gress, Francis Barrett, Crocker-Wheeler: Co., 39 Cortlandt St., 
New York City. Nov. 25, 1904 


DE Hoor-Tempis, Maurice, Professor Royal University of Technical 
Sciences, Budapest lI., Zsigmondutca 9, Hungary. Nov. 20, 1903 


DELAFIELD, CLARENCE E., District Manager, Wagner-Bullock Co., 2017 


Locust St., St. Louis, Mo. Apr. 23, 1903 
DELAVAL, JuLes Leon, Electrical Engineer, Westinghouse Electric and 
Mfg. Co., Pittsburg; res., Wilmerding, Pa. June 19, 1903 
De Lone, James C., Engineer, United Gas Improvement Co., Broad and 
Arch Sts., Philadelphia, Pa. Jan. 27, 1905 
DE МАВСНЕМО, E., Chief Engineer, Compagnie Franciase, Thomson 
Houston, 10 Rue de Londres, Paris, Bence: June 19, 1903 
Demarest, F. A., General Superintendent Interstate Telephone Co., 18 
So. Stockton St., Trenton, N. J. Feb. 26, 1904 
DempsTER, THomas, Electrical Engineer, General Electric Co., Schenec- 
tadv, N. Y. Мау. 17, 1898 
Denn, Howanp Harper, Teacher in Mechanical Drawing, Drexel Insti- 
tute, Philadelphia, Pa. Dec. 18, 1903 
DENNEEN, Francis S., Assistant Engineer, Ohio Brass Co., Mansfield, 
Ohio. Nov. 25, 1904 
Dennison, Ерсла WaLLACE, Edison Phonograph Works, Orange, 
N. June 19, 1903 


DEUTSCH, 15596. Engineer, 92 Union Ave., Montreal, Ont. Apr. 28, 1505 
De Wot tr, Rocer Dennison, Electrical Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Nov. 20, 1903 
p’Humy, FERNAND Emile, District Electrician, Postal Telegraph Cable Co. 
253 Broadway, New York City. May 17, 1904 
Dickerson, E. N., Attorney at-Law, 141 Broadway; res., 64 E. 34th St., 
New York City. Apr. 15, 1884 
Dickinson, Epcar Drury, Testing Dept., General Electric Co.; res., 241 
Liberty St., Schenectady, Ү. Jan. 23, 1903 
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Dickinson, Harry Hammonn. Erecting Engineer, The Arnold Co., 153? 
Marquette Building, Chicago, Ill. July 28, 1903 
Dickinson, RaAvMoND NETTLETON, Engineering Dept., Hartford Electr: 
Light Co.; res., 130 Putnam St., Hartford, Conn. Dec. 15, lyu 
DIcKINSON, WILLIAM NOBLE, JR., Otis Elevator Co., 17 Battery Place. 
New York City. July 28, Luus 
DIETERICH, ALBERT Encar, Solicitor of Patents, with Fred С. Dieterich. 
602 F St., N. W. Washington, D. C. Jan. 23, 13 
DiETERICH. FRED G., Solicitor of Patents and Mechanical Expert, 602 F 
St., Washington, D. C. July 18, 1599 
Ditton, Epwanp Pave, Electrical Engineer, The Colorado Springs Elec- 
tric Co., 107 E. Kiowa St., Colorado Springs, Col. Sept. 26, 1902 
Ditton, Roy Норсѕох, Inspector with F. О. Blackwell, 49 Wall St; 
New York, N. Y.; res., Normal, ПІ. Aug. 25, 1905 
Dimon, THEODORE, Telephone Engineer, Western Electric Co., 259 So. 
Clinton St., Chicago, Ill. Mar. 25, 1904 
DiNKEY, ALva C., Supt. Electric Dept., Homestead Steel Works, Munhall 
Pa. Feb. 17, 1597 
DINSMORE, SAMUEL C., Sawyer-Man Electric Co., 510 West 23d St., New 
York City. Sept. 25, 1903 
Dix, WALTER S., Mechanical and Electrical Engineer, Sanderson & Porter, 
52 William St., New York City. May 19, 1903 
Dixon, JAMzs, Electrical Engineer, Gray National Telautograph Co., SO 
Broadway, New York City. jan. 24, 1902 
Dixon, Witt MowTAGUE, 422 So. Main St., Urbana, Ohio. 
May 19, 1903 
Dopp, Joun Nevins, Westinghouse Electric & Mfg. Co.; res., 227 Chest- 


nut St., Sw.ssvale, Pa. . Feb. 27, 1903 
"орсе, KERN, Dodge & Day, Nicetown; res., Germantown, Philadelphia, 
Pa. Мау 20, 1902 
Dorpu, Jons CLEMENT, Manager, Insulating Varnish Department, Stand- 
ard Varnish Works, Brooklyn, N. Y. Sept. 25, 1903 
DoNALDsoN, Jo Meig, Commercial. Engineer. British Thomson-Hous- 
ton Co. ; res., 20 Murray Road, Rugby, Eng. Oct. 28, 1904 


Don Caros, Hexry C., Station Foreman, The Telluride Power Trans- 
mission Co., Telluride, Colo.; res., Clarkbsurg, Mo. Apr. 23, 1903 
Donnan, Davin McAnatriy, Construction Engineer, Westinghouse Elec- 


tric and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 
DoxsHEA, WirrtraM Isaac, District Superintendent, The N. Y. Edison 
Co., 55 Duane St., New York City. Apr. 23, 1903 


DOOLITTLE, CuaRLES Benramin, Supt. of Tratlie, The Southern N. E. 
Telephone Co., 118 Court St., New Haven, Conn. Apr. 23, 1903 
DOOLITTLE, CLARENCE E , Manager and Electrician, Roaring Fork Electric 


Light and Power Co., Aspen, Colo. May 15, 1895 
DooLrrTLE, Tomas B., Engineering Department, American Telephone 
and Telegraph Co., 125 Milk St., Boston, Mass. May 16, 1893 


Dopp, WiLLIAM Неси, Stanley G. I. Electric Mfg. Co., Pittsfield, Mass. 

Sept. 27, 1901 

Doremus, CHARLES AVERY, M.D., Ph.D., 55 W. 53d St, New York 

ok July 7, 1884 
DornauscH, Lovis Cuarcves, 61 Hancock St., Brooklyn, N. Y. 

Dec. 19, 1902 

Dorr, Cuaries Enwin, Electrical Engineer, Stanley Electric Mfg. Co.: 

res., 23 Westminster St., Pittstield, Mass. Mar. 24, 1905 
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Dosta., Jonn Frank, Member of Engineering Corps, Denver Gas and 
Electric Co., 1860 Lozan Ave., Denver, Colo. Mar. 27, 1903 
Dorv, Ernest LAWRENCE, Construction Engineer, Westinghouse E. & М. 
Co., Pittsburg, Pa. Sept. 25, 1903 
Dory, PauL, Vice-president and General Manager, St. Paul Gas Light Co., 
St. Paul, Minn. Mar. 25, 1904 
DovusB.epay, Harry M., Doubleday-Hill Electric Co., Lyons, N. Y. 
July 25, 1902 
Dovusrava, Harry WILFRED, Engineer, 220 Broadway, New York City. 
May 20, 1902 
Dovust, Tuomas Eaton, Graduate Student, The University of Chicago; 
res., 651 E. 57th St., Chicago, lll. Jan. 9, 1901 
Dovp, CHarRLES HaAMiLTON, Room 909, 150 Nassau St., New York City. 
Sept. 27, 1901 
DovGHERTY, CHARLES JAMES, Electrical Engineer, The Wm. Cramp & 
Sons Ship and Engine Building Co., Philadelphia, Pa. May 19, 1903 
DouGHuerty, Proctor L., Electrical Enginecr, Treasury Department; 
res., 1427 Binney St., Washington, D. C. Dec. 19, 1902 
Doveras, Epwin Rust, Chief Draftsman, The Crocker- Wheeler Co., Am- 
реге, N. J.; res., 107 No. 19th St., East Orange, N J. Jan. 23, 1903 
DovucLas, EGBERT, Construction Engineer, General Electric Co., 667 Eli- 
cott Square Building, Buffalo, N. Y. Apr. 23, 1903 
Dow, HERBERT WILt1aM, Assistant Professor of Mechanical Engineering, 
Iowa State College, Ames, Iowa. May. 19. 1903 
Dow, James СнА$Е, Electrical Engineer, H:lena Power Transmission 
Co., Butte, Mont. Feb. 27, 1903 
Dowie, Horace, With Westinghouse, Church, Kerr & Co., 8 Bridge St.. 
New York City; 363 Jefferson Ave., Brooklyn, N. Y. Jan. 25, 1901 
Downern. Нтком S., Erecting Engineer, 2306 E. Michigan St., Indiana- 


polis, Ind. June 19, 1903 
Downes, Louis W., Vice-president and General Manager, The D. & W. 
Fuse Co., 407 Pine St., Providence, R. I. Nov. 22, 1899 
DowwiNG, P. M., Supt. of Sub-Stations, California Gas & Elec. Corp.. 
Shreve Bldg., San Francisco, Cal. | June 24, 1898 
Downs. EpcAR SELAH, Construction Department, Westinghouse Electric 
& Mfg. Co., 111 Broadway, New York City. May 19, 1903 
DowNToN, CHARLES Epwarps, Foreman of Apprentices, The Westing- 
house Electric & Mfg. Co., Pittsburg, Pa. Jan. 23, 1903 
DRAKE, BERNARD MERVyN, Chairman, Drake & Gorham, Ltd., 66 Victoria 
St., London, S.W., Eng. Apr. 23, 1903 
Drake, Davin E., Sales Department, Westinghouse Electric and Mfg. Co.. 
11 Pine St., New York City. june 19, 19603 
Drake, HERBERT WiLLIAM, Assistant Wire Chief, American Telephone 
and Telegraph Co., 15 Dey St., New York City. Dec. 19, 1902 
DressBacH, Horatio ARTHUR, Assistant Electrician, B. Altman & Co., 
New York City. i Арт. 28, 1905 
DnzssEL, Jonn Hatuaway, Naphet & Dressel, 605 Commercial Tribune 
Bldg., Cincinnati, Ohio. Sept. 27, 1901 


DRESSER, CHARLES A., Supt., Kohler Bros., 1808 Fisher Bldg., Chicago, ТЇЇ. 
May 21, 1901 
DRESSLER, CHARLES E., 17 Lexington Ave., New York City. 
Dec. 16, 1890 
Droce, Harman GraBau, Student, Columbia University, New York 
City; res., Flushing, N. Y. Feb. 24, 1905 
(27) 


66 ASSOCIATES. 


Drouan, Т E., Supt. of Shops, Northern Electric Mfg. Co , Madison, Wis 


May 21, 19ui 
Drver, Ervin, Salesman and Engincer, Westinghouse E. & Mfg. Co.; 17! 
La Salle St., Chicago, Ш. Feb. 28, 1902 
DRvspALE, Dn. W. A.. Consulting Electrical Engineer, 414 Hale Building. 
Philadelphia, Pa. Sept. 19, 153i 
DuBors, ALEXANDER Dawes, Motor Application Engineer, Wester 
Electric Co., 259 South Clinton St., Chicago, Ill. July 25, 142 
DuBois, Тоти, 114 Liberty St., New York City. Aug. 23, 1S39 
Duprey, EvcGrkNE ErMER, Asst. Elec. Engr., Quartermaster's Den: 
Ft. Yellowstone, Wyoming. Oct. 24, Lowel 


DuFRESNE, BERNARD Maurice, Erecting Engineer, Westinghouse Е &M 
Co., Room 507, Westinghouse Bldg., Pittsburg, Pa. Sept. 25, lus 
DuwnaR, Ropert V., Electrical Designer, Westinghouse, Church, Ker & 


Co., 5 Bridge St., New York City. Mar. 25. 1904 
Duncan, [ону D. E., Engineer, with Sanderson & Porter, 31 Nassau St . 
(Life Member J New York City. Mar. 20, 1595 
Duncan, Tromas, Vice-president and General Manager, Duncan Electric 

Mfg. Co., Lafayette, Ind. Oct. 17, 1994 


Dunn, CurrFFonD E., Patent Attorney, Dunn & Turk, Park Row Blde., 
New York City; res., 12a Monroe St., Brooklyn, N. Y. Feb. 15, 1599 


Dunn, KiNGsLEY G., Нш, Mirk & Co., ics 614 Mission St., San Fran- 


cisco, Cal. Oct. 17, 1804 
Dunstan, ARTHUR Sr. CHARLES, Professor Electrical Engineering, Ala. 
Polytechnic Institute, Auburn, Ala. Nov. 25, 1904 


Dunwoopy, Henry H.C., 1522 31st St., Washington, D.C. May 17, 1904 
DuRANT, EDWARD, Electrical Engineer, 115 East 26th St., New York 


City. Nov. 15, 1892 
Durant, Geo. F., General Manager Bell Telephone Co., of Missouri, Tele- 
phone Building, St. Louis, Mo. Apr. 15, 1354 


DurRAN, RICHARD THOMAS, Manager Allgemeine Elektric:tats Gesell- 
schaft, Schitfbaurdamm 22, Berlin N. W., Ger. Oct. 27, 1905 


DusmMan, Joun F., Superintendent Electrical Dauipmient United E. L. & 


р. Co., 30 So. Eutaw St., Baltimore, Md. May 19, 1903 
Dwicut, THEODORE, Asst. Secy. Amer. Inst. of Mining Engrs., 99 John 
St.; res., 103 W. 55th St., New York City. Jan. 23, 1903 
DYER, СБТ L, Manager, Charles C. Moore & Co., Engineers, Inc.. 
Mutual Life Bldg., Seattle, Wash. jan. 25. 1599 
DYKE, OWEN ARTHUR Wynne, Electrical Contractor, 90 St. George's St ; 
Capetown, South Africa. Sept. 27, 1901 


` Dyson, ALFRED HARTWELL, Engineer, 670, 308 Dearborn St., Chicago, 
Jan. 23, 1903 

DysTERUD, EMIL, Superintendent and General Manager, Electric Light 
and Power Co., Monterrey, Nuevo Leon, Mexico. July 26, 1900 
Eastman, Frank HarL, Salesman, Washington Осе, Crocker-Wheeler 
Co.; 1417 New York Ave., Washington, D. C. May 19, 1903 
EastMan, Georce Niar, In charge of Testing Laboratory, Chicago Edison 
Co., 139 Adams St., Chicago, Ill. Nov. 22, 1901 
EASTHAM, MELVILLE, Electrician, Willyoung & Gibson, 40 W. 13th St., 
New York City. Sept. 22, 1905 
Eaton, Howarp Frencu, Mechanical and Electrical Draftsman, Stone & 
Webster, 19 High St., Boston; res., Quincy, Mass. Feb. 27, 1903 
EBERHARDT, ELMER Соро, Partner, Eb^rhardt Brothers, Machine Co.; 
res., 113 Orchard St., Newark, N. J. | Осї. 28, 1904 


(25) 


ASSOCIATES. 67 


Eppy, Н. C., Electrical Engineer, 924 Monadnock Building, Chicago, Ill. 
June 20, 1894 

Eppy, Harry CLIFFORD, Electrical Engineer, Great Falls & Old Dominion 
Rd. Co., 3600 M St., N. W., Washingten, D. C. Feb. 24, 1905 


Eppy, Horace T., 3441 W. Albany St., Cincinnati, Ohio. May 21, 1901 
ЕрсАВ, Harry Tuomas, 2d Vice-President, Manager Northern Texas 


Traction Co., Ft. Worth, Tex. Feb. 27, 1903 
ЕрмаАмрѕ, I. R., Electrical Engineer and Superintendent, Union Carbide 
Co., Sault Ste. Marie, Mich. June 23, 1897 
EDMaANps, SAMUEL SUMNER, Instructor, Applied Electricity, Pratt Insti- 
tute, Brooklyn, N. Y. Mar. 22, 1901 
Epmonps, SAMUEL Owen, Patent Lawyer, 32 Liberty St.; res., Lawrence 
Park, Bronxville, N. Y. July 28 1903 
Ермохѕтом, EpcAR Davis, Electrical Engineer, 604 Liverpool, London & 
Globe Bldg., New Orleans, La. Apr. 25, 1902 
Epmunps, CHARLES Keyser, Professor of Physics, Canton Christian Col- 
lege, Canton, China. Sept. 25, 1903 
EpsTRoM, JOHANNES SIGFRID, General Manager, Allmanna Svenska Elec- 
tric Co., Westeras, Sweden. May 19, 1903 
EÐWARDS, CHARLES GRIFFIN [Local Secretary], Assist. Eng'r, Electrical 
Commission, City Hall, Baltimore, Md. May 17, 1904 
Epwarps, CrirroN V., Attorney-at-Law and Solicitor of Patents, 220 
Broadway, New York. Nov. 22, 1899 
Epwanps, James P., Consulting Electrician, Augusta; res., Montesano, 
Summerville, Ga. Apr. 19, 1892 
Epwarps, JOSEPH BLACKBURN. Supt. Kellogg Switchboard and Supply 
Co., Congress and Green Sts., Chicago, Ill. Jan. 23, 1903 
EGLIN, JAMES MEIKLE, Chief of Electric Dept. Edison Electric Light Co., 
10th and Sansom Sts., Philadelphia, Pa. July 26, 1900 
Ecuin, WM. С. L.(Manager], Electrical Engineer, Philadelphia Electric 
Co., 10th and Sansom Sts., Philadelphia, Pa. Sept. 19, 1894 
EcLinTon, WILLIAM McNicorr, 35 Brewster St., Tompkinsville, №. Y. 
Feb. 27, 1903 

ENRENREICH, JAMES Jacos, Contracting Electrical Engineer, 503 Fifth 
Ave., New York City. June 19, 1903 
EnRET, CORNELIUS DALzELL, 2116 New Land Title Building, Philadelphia, 
Pa. jan. 24, 1902 
EHRHART, RAYMOND NE son, The Westinghouse Machine Co.; res., 7712 
Edgerton Ave., Pittsburg, Pa. Mar. 27, 1903 
EISENBEIS, WALTER HERMAN, Canadian Westinghouse Electric and Mfg. 
Co., Lawlor Bldg., Toronto, Ont. Dec. 19, 1902 


EKBERG, WILLIAM ANTON, District Manager, Stanley С. I. Electric Mfg.’ 
Co., 1006 First Nat. Bank Bldg., Cincinnati, О. ` Sept. 22, 1905 
EKERN, EMIL ALFRED, Instructor, Cornell University; res., 125 Quarry 
St., Ithaca, N. Y. Jan. 29, 1904 
EKSTRAND, CHARLES, Superintending Engineer, Brooklyn Cooperare 
Co., North 6th St. and Kent Ave., Brooklyn, №. Y. Apr. 25, 1902 
EKSTROM, AXEL, Consulting Electrical Engineer, Delaware Hudson Ry. 
Co., Albany, N. Y. June 17, 1890 
ELDEN, Leonard Lorp, Chief Electrican, Edison Electric Illuminating 
Co., of Boston, 3 Head Pl.; res., Dorchester, Mass. Арг. 23, 1903 

ELeyY, Josian NoRrLEET, Electrician, 198 S. Pryor St., Atlanta, Ga. ^ — 
| Feb. 28, 1902 

ELLARD, JOHN W., J. L. Blackwell & Co., 13 E. Read St., Baltimore, Md. 
(28 June 23, 1897 
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ELLINGER, Epean, Electrical Engineer, L. К. Comstock & Co., 114 Lit 
erty St., New York City. Apr. 25, 197 


Елотт, ELMER G., United Lead Co., Perth Amboy, N. J. 
May 21, 190? 


ErLLioTT, GEoRGE WILSoN, Business Representative, Electrical World ard 
Engineer; res., 76 West 92d St., New York City. june 14, 1:5 


ErLioTT, Tuomas, Chief Engineer, Cincinnati Traction Co., Cincinnati, О. 


May 19, 1903 
Euis, CLARENCE HEvwARD, Chief Electrician, Georgia Florida Mill Co., 
Alton, Fla. Mar. 24, 1905 


Euis, uN. Manager, The Lonsdale Co.'s Electric Light Plant, Lonsdale, 

I Apr. 20, 1599 

ELLs, FREDERICK WILLIAM, Secretary and Engineer, Northwestern Mfg. 

Co., Milwaukee, Wis. July 19, 1904 
ELMER, WILLIAM, JR., Master Mechanic, 28th St. Shops, Pittsburg, Pa. 

Mar. 18, 1890 

Е1,5НОРЕ, BERNARD, General Foreman, Bullock Electric Mfg. Co., Cin- 

cinnati; res., 2201 Cameron Ave., Norwood, Ohio. Feb. 27, 1903 

Егу, Wa. Grosvenor, JR., Supt. of Construction, General Electric 


Co.; res., Avon Road, Schenectady, N. Y. Mar. 21, 1593 
Emerick, Lovis W., Vice-president and General Manager, Fulton Light, 
Heat and Power Co., Fulton, N. Y. Aug. 13, 1897 
EMERSON, LUTHER LEE, Manager, Clark and McMullen Farmers’ Bank 
Building, Pittsburg, Pa. Nov. 25, 1904 
ee FRANK JOSEPH, Superintendent Nezperce Light & Power 
, Nezperce, Idaho. May 19, 1903 
Енес "PAUL WILLARD, Assistant Engineer, Bell Telephone Co., 11th 
and Arch Sts., Philadelphia, Pa. Mar. 25, 1904 
ENGLISH, THOMAS FULTON, Superintendent Union Light, Heat and Power 
Co., Covington, Ку. Oct. 27, 1905 
ENsLEN, EvGENE Егүхм., JR., Electrical Engineering Assistant, Ford, 
Bacon and Davis, Birmingham, Ala. Oct. 28, 1904 
ENsTRÓM, ALEX FRreEpRIK, Professor Royal Technical Academy, 99 
Regeringsgatan, Stockholm, Sweden. Nov. 25, 1904 

Entz, Justus Buck ey, Electrical Engineer, Electric Storage Battery Co., 
19th St. and Alle gheny Ave., Philadelphia, Pa. Jan. 7, 1890 
Емт2, THEODORE B., Branch office manager, Electric Storage Battery Co., 
$17 Wainwright Bldg., St. Louis, Mo. Feb. 26, 1904 
Epstein, Josep, Engineer in Chief, Elektrizitats-Aktiengesellschaft Leer- 
bachstrasse 32, Frankfort am Main, Germany. Mar. 25, 1904 
Ersen, H. Е. T., Designing Engineer, General Electric Co., Schenec- 
tady, N. Y. Aug. 22, 1902 
Erwin, FRANK BENNETT, Electrical Engineer, Westinghouse E. & M. Co.. 
University Building, Syracuse, N. Y. Jan. 3, 1902 
Es.tinc, ALBERT, Sales Manager, R. E. T. Pringle Co., 62 Wellington St. 
W.. Toronto, Ont. Nov. 20, 1903 


EsTABROOK, HARRY CROWNINGSHIELD, Construction Foreman, Stanley G. 
I. Electric Mfg. Co., Monadnock Bldg.. Chicago, lll. May 15, 1905 


EsTERLINE, J. WarrTER [Local Secretary], Instructor Electrical Engineer- 
ing, Purdue University, Lafavette, Ind. Mar. 28, 1900 


ETHERIDGE, Harry, Asse. Supt. Allegheny Co. Light Co.; res., 1906 
jenny Lind St., McKeesport, Pa. Jan. 23, 1903 


ETHERIDGE, Locke, M.E., Electrical Ene 427 Monadnock Blde.: 
res., 44 E. 50th St., ‘Chicago, 1. Oct. 17, 1894 
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ETTRUP, LawRBNCB, Consulting Engineer, Sacramento Ashburton Mining 
Co., Room 36, Physician Bldg., Sacramento, Cal. Feb. 26, 1904 


Evans, HERBERT S., Professor, University of Colorado, Boulder, Colo. 


Nov. 24, 1905 
EvANS, WILLIAM ALBERT, Assistant Laboratorian, Philadelphia Electric 
Co., 122 Arch St., Philadelphia, Pa. Mar. 25, 1904 


EvELAND, PoRTER, 932 Albany St., Schenectady, N. Y. june 19, 1903 


EvELETH, CHARLES Mirick, Asst. Electrician, American Telephone and 
Telegraph Co.; res., 44 Irving Pl., New York City. May 17, 1904 


EveEriT, EpwaARD Hotcnkiss, Engineer, The So. №. E. Telephone Co., 641 


Whitney Ave., New Haven, Conn. Jan. 3, 1902 
EwriNG, GEorGE CriNTON, Electrical Railway Supplies, 131 State St., 
Boston, Mass. Mar. 27, 1903 
E wiNG, THomas, JR., Ewing, Whitman & Ewing, 67 Wall St., New York; 
res., Yonkers, N. Y. July 19, 1904 


Eyre, MANNING K., Buckeye Electric Co., Cleveland, Ohio. Oct. 17, 1894 
FAccioLI, GiusEPPE, Stanley Instrument Co., Great Barrington, Mass. 


July 19, 1904 

FAHNESTOCK, ERNEST BENJAMIN, Vice-president & G.M.,Fahnestock Trans- 
mitter Co., 32 Havemeyer St., Brooklyn, N. Y. Apr. 23, 1903 
FAHNESTOCK, J. Harvey, Engineering Department, Wisconsin Telephone 
Co., Milwaukee, Wis. > July 19, 1904 
Fany, Frank P., Draftsman, Pennsylvania Railroad Co.; res., 1408 7th 
Ave., Altoona, Pa. May 15, 1905 
FAIRBANKS, ADOLPHE ST. ARMANT, Partner, Fairbanks & Moody, 150 
Nassau St., New York City. Aug. 25, 1905 
FAIRBANKS, GEORGE BANKER, Salesman, Westinghouse Electric and Mfg. 
Co., 708 Land Title Bldg., Philadelphia, Pa. Mar. 24, 1905 
FAIRBANKS, ROBERT PAvNE, Power Station Superintendent, Telluride 
Power Co., Provo, Utah. Apr. 23, 1903 
FAIRCHILD, ALBERT Rovar, Property Man, Twin City Rapid Transit Co.; 
-‘res., 1613 S. E. 4th St., Minneapolis, Minn. Nov. 24, 1905 
FAIRCHILD, WALTER Lowe, Consulting Engineer, Mills Building, New 
York City. Oct. 24, 1902 
FALLGATTER, Homer Beck, Wire Chief, Johnstown Telephone Co., 644 
Main St., Johnstown, Pa. May 15, 1905 
FAMBROUGH, Witttam McINTOsH, Principal Assistant Engineer, J. B. 
McCrary, Carrollton Ga. July 28, 1903 
FANSLER, Percivat ELuior, B.S., J. б. White & Co., 43 Exchange Pl., 
New York City. Mar. 28, 1902 
FARLzv, Ernst Watson, Assistant Electrical Engineer, Telluride Power 
Co., Telluride, Col. Apr. 28, 1905 
FaARLEY, J. WALDRON, Transformer Designer, Westinghouse E. &. M. Co. 
Pittsburg, Pa. Sept. 25. 1903 
FARMER, FRANK MaALCOLM, Electrical Testing Laboratories, 80th St. & 
East End Ave., New York City. Nov. 21, 1902 


FARNSWORTH, ARTHUR J., 84 Hutchison St., Montreal, Que. 
| Jan. 16, 1895 
FanRAND, ОсріЕҮ, General Manager, United Electric Company of New 
Jersey, 207 Market St., Newark. N. J. July 26, 1900 
FanwELL, HaroLD GILBERT, Testing Department, General Electric Co., 
Lnn; res., 428 Central St., Cliftoadale, Mass. Apr. 23, 1903 
Fawcett, WALLACE H., General Electric Co.; res., 8 Union St., Schenec- 
tady, N. Y. Aug. 22, 1902 
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Fay, Tuomas J., Smith & Mabley Manufacturing Co., 614 East 8341 St. 


New York City. June 26, 1591 
FEATHER, Ropert Jonn, Electrician, Columbus Railway and Light Со. 
5734 N. High St., Columbus, O. Mar. 25, 194 
FgicHT, Russert Stimson, Electrical Engineer, Westinghouse Electric 
Mty. Co., Pittsburg, Pa. Apr. 28, luu: 
FgiLbEN, THEONORE JOHN VALENTINE, Editor-in-chief The Electrical 
Maugauziie, 4 Southampton Row, London W. С. Nov. 25, 1905 
FELDMANN, CrARENCE, Professor Electrical Engineering, Technical H:a% 
School, Deltt, Holland. May 19, 19u5 
FE&LLOws, HENRY WarLACE, Consulting and Construction Engineer, 
Goldendale, Wash. May 19, luus 


Fenn, Ernest JAMES, Partner, Steuart & Fenn, Dundin, N. Z. 
Apr. 22, 1904 
FERGvs, WirLLiAM Lovepay, Consulting Mechanical and Electrical En. 


gineer, 1509 Fisher Building, Chicago, Ill. May 19, 1903 
FERGUSON, OLIN JEROME, Instructor, in E. E., Union College; res., 1007 
Nott St., Schenectady, N. Y. Nov. 24, 1905 


FERGUSON, SAMUEL, Engineer, General Electric Co., Schenectadv, N. Y. 
| Jan. 3, 1902 
FERGUsoN, WILLIAM AGusrINE, Electrical Engineer, Mexican Light and 


Power Co., Ltd., Mexico City. Oct. 28, 1904 
FERNALD, CHARLES ARTHUR, Electrician, General Electric Co.; res., 24 
Brimblecom St., Lynn, Mass. Apr. 23, 1903 


FERNANDEZ, WILLIAM, TALANERA Foreman, Electrical Operating Dept. 
N. Y. Edison Co., 38th St. & Ist Ave., New York. May 19, 1903 
FERRIN, ARTHUR W., Chief Electrician, American Locomotive Co., Schen- 
ectady, N. Y. June 15, 1904 
Ferris, Коневт Murray, JR., Engineering Dept., The N. Y. & N. 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Feb. 28, 1902 
FgrHERLING, HERSCHEL GEoRGE, Engineer, Northern Electric Mfg. Сс. 


514 So. Patterson St., Madison, Wis. Dec. 18, 1903 
FrELD, ALLAN BERTRAM, Bullock Electric Mfg. Co.; res., 4316 Forest 
Ave, Station H., Cincinnati, Ohio, May 19, 1903 
FiELD, ArTHUR W., Secretary and Manager, 101 Hotfman Ave., Columbers 
Ohio. Aug. 22, 1902 
Frievtp, Roy ALBRIGHT, Superintendent, Rome Gas, Electric Light and 
Power Co., Rome, N. Y. Dec. 15, 1905 
FigLDiNG, FRANK E., Chemist and Assayer, Virginia City, Nev. 
[Life Member.] Sept. б, 1887 
Егерме, РипіР Harrison, Rose & North Feeder Sts., Trenton, N. J.. 
res., 59 УУ. 124th St., New York City. July 28, 1903 
FiNcH, Hrrpert Isaac, Assist. Supt. The Emerson Electric Mfg. Co., St. 
Louis, Mo. Apr. 23, 1903 
Fixe, James MoggELL, Foreman, Testing Department, De Laval Steam 
Turbine Co., Trenton, N. J. | Feb. 24, 1903 
FInNEY, Joxu H.. Manager, The Pittsburg Reduction Co., National Bank 
of Commerce Building, St. Louis, Mo. Sept. 26, 1902 
Finzi, GEORGE, General Manager, Brioschi, Finzi & Co., 24 Piazza 
Castello, Milano, Italy. Mar. 27, 1903 
Fin TH, WM. Evcar, Chief Engineer, The Midvale Steel Co., Nicetown. 
Phila.; res., 7203 Boyer St., Germantown, Pa. Mar. 25, 1896 
Fisun, FRED ALAN [Local Secretary], Associate Prof. of Electrical Engi- 
neering, Lowa State College, Ames, lowa. Mar. 28, 1900 
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 FisH, FREDERICK Perry, President, American Telephone & Telegraph 
Co., 125 Milk St., Boston; res., Brookline, Mass. Mar. 28, 1902 


FISHER, BENJAMIN FRANKLIN, Jr., Electrical Engineer, О. M. G. O., U.S. 


Government, Washington, D. C. Jan. 29, 1904 
FISHER, GEoRGE Epwarp, Electrical Inspector New England Ins. Ex- 
change, 55 Kilby St., Boston, Mass. Apr. 23, 1903 
FisHER, Howanp SHREVE, Westinghouse Electric and Mfg. Co., 11 
Pine St., New York City. Dec. 19, 1902 
FISKE, WARREN HERBERT. Consulting Engineer, The Toronto Ry. Co.. 
Street Railway Chambers, T oronto, Önt. July 28, 1903 


FiskEN, Joun Barcray, Superintendent Light and Power Svstem, The 
Washington Water Power Co., Spokane, Wash. Apr. 23, 1903 


Fitts, CLARENCE DuDLEY, Electrician, Oakville Co., Oakville, Conn. 


Nov. 20,1903 
Fitz, Ervin Mout, Electrical Engineer, М P. Dept Pennsvlvania Lines 
West of Pittsburg, Columbus, Ohio. Sept. 25, 1903 


FITZGERALD, THomas, JR., Cincinnati Traction Co.. Cincinnati, Ohio. 
Jan. 3, 1902 
FitzuucnH, Мм. H., Supt. Bay City Electric Plant, 2230 Center Ave., 


Bay City, Mich. Apr. 27, 1898 
FLATHER, JOHN J., Professor of Mechanical Engineering, University of 
Minnesota, Minneapolis, Minn. Apr. 19, 1892 
FLEMING, JOHN BRECKENRIDGE, M.M., Mechanical Engineer, White 
Pine Copper Co., Ruth, Nev. Apr. 27, 1898 
FLEMING, RICHARD, Desiening Engineer, General Elec. Co., Lynn; res., 
Swampscott, Mass. "Jan. 24, 1902 
FLEMING, THOMAS JOSEPH, Electrical Engineer, British Thomson-Houston 
Co., Ltd., 83 Cannon St., London, Eng. Sept. 25, 1903 
FLETCHER, CHARLES УУпллАМ, Commercial Engineer, General Electric 
Co., 84 State St., Boston, Mass. Jan. 27, 1905 
FLETCHER, RAYMOND FENNIMORE, Electrical Engineer, McMaster & 
Fletcher, 338 E. State St., Columbus, O. Apr. 22, 1904 
FLIcKINGER, JOHN TRESSLER, Head of No. 16 Test, General Electric Co., 
Schenectady, N. Y. Sept. 25, 1903 


Fiiess, ROBERT ANTON, 44 Chestnut St., East Oranga N. 
Mar. 23, 1898 
Fuint, JAMES J., President, The Flint-Lomax Electric and Mfg. Co., 1400 


Delgany St.; res., Berkeley, Denver, Colo. Mar. 27, 1903 
FLOWERS, ALAN Кеча, Instructor, University of Missouri, 704 Maryland 
Place, Columbia, Mo. Nov. 25, 1904 


FLov, Henry, Consulting Electrical and Mechanical Engineer, 220 
Broadway, New York City; res., East Orange, N. J. May 17, 1892 
FLovp, WALTER CLARENCE, Assistant Superintendent of Construction, 


Erner-Hopkins Co., Columbus, Ohio. Feb. 24, 1905 
Footr, FERDINAND Jony, Electrical and Mechanical Enyineer, American 
Oak Leather Co., Cincinnati, Ohio. Oct. 23, 1903 
Боһр, CHARLES W., General Superintendent, Oklahoma City Ry. Co.. 

120 Grand Ave., Oklahoma City, Okla. Feb. 24, 1905 
Fonp, FRANK R. M. E. Consulting Engineer, Ford, Bacon & Davis, 

24 Broad St., New York City. Mar. 25, 1896 
Fonp, HANNIBAL C., 733 $. Crouse Ave., Syracuse, N. Y. Feb. 24, 1905 
Forp, Ww. SPENCER, 4 Howard St., Melrose, Mass. June 7, 1892 
FoREMAN, WALTER ÉvEREST, Erecting Engineer, Westingtiouse E. & M. 

Co., Pittsburg, Pa. Mar. 25, 1904 
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FonsvTH, ЈоѕЕРН C., Chief Inspector, Electrical Dept., The N. Y. Board 
of Fire Underwriters, 32 Nassau St., New York City. Apr. 23, 1903 


ForsyTHe, WILLIAM CRatG, Superintendent, Electric Light Plant, Talla- 
hassee, Fla. Dec. 23, 1904 


ForTESCUE, CHARLES Le Geyr, Electrical Designer, Westinghouse E. &. М 
Co., Pittsburg; res., Wilkinsburg, Pa. Jan. 23, 1903 
FosTER, FRANcis PERRY, Superintendent, Fire Alarm Telegraph, Corning 
Fire Departinent, City Hall, Corning, N. Y. Dec. 23,1904 


Foster, FREDERICK Henry, Engineering Department, Hamilton Elec- 
tric Light and Cataract Power Co., Hamilton, Ont. June 19, 1903 


FosTER, GEoRGE BEERS, District Manager, Bullock Electric Mfg. Co., 1625 
Marquette Building, Chicago, Ill. Feb. 27, 1903 


FowLE, FRANK FULLER, Special Agent, Railway Department, American 
Telephone and Tel. Co., 15 Dey St., New York Сиу. Dec. 19, 1902 


FowLER, Ско. W., Electrical Expert, Wilkinson Richardson Co., 31 Mar- 


ket St., Poughkeepsie, N. Y. Oct. 24, 1900 
FowLER, Муком MARSHALL, Electrical Engineer, Western Electric Co.. 
259 South Clinton St., Chicago, Ш. Apr. 23, 1903 


Fox, WiLLIAM A., Secretary, Chicago Edison Co., 139 Adams St., Chicago, 
lii May 19, 1903 

Foy, Joun Drewry, Assistant Electrical and Mechanical Engineer, Ford 
Bacon and Davis, 2501 5th Ave., Birmingham, Ala. June 15, 1904. 
FovsTER, Artuur Henry, Electricity Dept., Edinburgh Corporation; 


res., } Dewar PL, Edinburgh, Scotland. Oct. 27, 1905 
Francisco, Ferris Le Roy, Supervising Electrician, Consolidated To- 
bacco Co’s., 111 5th Ave., New York City. May 17, 1904 
Francisco, M. J., President and General Manager, Rutland Electric Light 
Co., Rutland, Vt. June 17, 1890 
FRANK, Avcustus Атрнохѕсѕ, Electrician, New York and New Jersey 
Telephone Co., New York City. Jan. 23, 1903 
Frank, Joun Jacos, Transformer Designing Engineer, General Electric 
Co.; res., !07 Elmer Ave., Schenectady, N. Y. Aug. 25, 1905 
FRANKENFIELD, Веро, Eng'g Dept., Bullock Electric Mfg. Co., Cincinnati, 
Ohio. Feb. 17, 1897 
FRANKLIN, EMERSON Loran, Assistant Superintendent, Easton Gas and 
Electric Co., 140 Ferry St., Easton, Pa. Mar. 24, 1905 
FRANKLIN, Милом, M D., Lecturer, New York Polytechnic Medical 
School and Hospital, New York City Oct. 27, 1905 
FRANTZEN, ARTHUR, Electrical Engineer and Contractor, 225 Dearborn 
St.; res., 662 N. Irving Ave., Chicago, Ill. Feb. 21, 1894 


Fraser, JAMES Wm., Southern Power Co., Charlotte, N.C. May 21, 1901 


FRaAsER, Ковект М, Draftsman, Westinghouse, Church, Kerr & Co., 10 
Bridge 5t; res., 566a Quincey St., Brooklyn, N. Y. Mar. 25, 1904 


Frenen, Ёплр, Draftsman, Carnegie Steel Co., Homestead Steel Works, 
Munhall, Pa.; res. 7301 Florence Ave . Swissvale. Pa. Mar. 24, 1905 


FREEMAN, CLARENCE E (Local Secretary) Prof of Electrical Engineering, 


Armour Institute of Technology, Chicago, M. Mar. 27, 1903 
PREIMARK, Max, Electrical Engineer. Bell Telephone Co. of Philadelphia: 
res., 1730 N. 8th St., Philadelphia, Pa. Jan. 29, 1904 
FRENCH, Enwarn Vinton, Special Inspector, Associated Factory, Mutual 
Fire Insurance Cos., 31 Milk St., Boston, Mass. July 19, 1904 


FRENCH, THoMAs, Jr., Ph D., 40 Brantford Place, Buffalo. N. Y. 
Sept. 20, 1893 
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Freston, Ceci, Соке, General Manager, Empresa de Alumbrado Elec- 
trico y Fuerza Motriz de Tampico, Tampico, Mex. Feb. 24, 1905 


FREUDENBERGER, LEWIS ALFRED, Instructor, Delaware College, Newark, 


Del. Nov. 20, 1903 
FREUDENBERGER, WILLIAM Kaiser, Electrical Engineer, American Steel 
Foundries, 74 Broadway, New York City. Nov. 22, 1901 


FREUND, HENRY PauL, 796 Lexington Ave., New York City. 
Sept. 26, 1902 


FREUND, SIEGFRIED GEORGE, Electrical Department, Interborough Rapid 
Transit Co., 2439 Park Row Bldg., New York City. Nov. 25, 1904 
FRIDENBERG, Henry LesLie, Tonopah, Nev. May 17, 1904 


FRIEDLANDER, EuGENE, M. M. Superintendent Electrical Department. 
Carnegie Steel Co., Braddock, Pa. Nov. 20, 1895 
FRIEDMANN, Louis, Electrical Engineer, General Incandescent Arc Light 
Co.; res., 4131 Calumet Ave., Chicago, Ill. Apr. 28, 1905 
Fries, JÓóNs ELtAs, Westinghouse Church Kerr & Со. ; res., 993 Ogden Ave., 
New York City. May 17, 1904 
FRITCHLF, OLIVER PARKER, atlectrochemist, 1449 Clarkson St., Denver, 
Colo. Mar. 27, 1903 


FROMHOLZ, ANTON Јонм, Electrician in charge, U. S. Navy Yard; res., 
71 Linden St., Brooklyn, N. Y. May 20, 1902 


Frost, Homer Ext, Electric Controller & Supply Co., Cleveland, О. 
Jan. 23, 1903 


Fry, Donatp Hume, Consulting Engineer, Wells Fargo & Co., Express 
Building, San Francisco, Cal. Nov. 23, 1898 


Fucus, GEORGE ApaM, Electrical Engineer, Electric Equipment fo., Erie, 
Pa. Oct. 23, 1903 
Fucus, Hvco, Electrical Engineering Department, N. Y.C. & H. R. R.R;; 
res., 208 W. 112th St., New York City. Oct. 23, 1903 


FULLER, ARTHUR JOHN, Borough Electrical Engineer, Corporation Elec- 
tric Works, Townmead Rd., Fulham, S.W., England. Feb. 27, 1903 


FuLLER, Epwin EnNEsT, Engineer, British Thomson-Houston Co., 83 


Cannon St., London, E. C., Eng. Feb. 28, 1902 
FULLER, GEORGE ARTHUR, Superintendent, Edison Electric Illuminating 
Co. of Boston, 83 Newbury St., Boston, Mass. june 14, 1905 


FurLER, Harry WirLIAMS, General Manager, Washington Ry. & Electric 
Co., 14th and E. Capitol Sts., Washington, D. C. June 19, 1903 


FuLLER. Henry James, Manager and Engineer, John Fowler & Co.;res., 


13 Park View, Beeston Hill, Leeds, Eng. Apr. 23, 1903 
FuLLER, Lucivs B., 208 Stewart Ave., Ithaca, N. Y. Sept. 25, 1903 
FuLLER, WaLLACE Wart, Electrical Engineer, Consolidated Raiiway Gas 

and Electric Co., Charleston, S. C. | Mar. 27, 1908 
FULLERTON, RUTHERFORD, Chief Electrician, Scioto Valley Traction Co., 

131 E. State St., Columbus, O. Oct. 27, 1905 
Futton, WiLLIis Stoors, Laboratory Assistant, Western Electric Co., 

463 West St., New York City. Nov. 24, 1905 
FURGUESON, CORNELIUS, JR., Electrical Engineer, Westinghouse Electric 

& Mfg. Co., Pittsburg, Pa. Mar. 27, 1903 
GaBRIEL, GEORGE ANDREW, Chemical Engineer, Room 816 Bowling 

Green Bldg., New York City. Mar. 25, 1904 
GaGcF, ELBERT ELLSWORTH, Superintendent, St. Johnsbury Electric Co., 

St. Johnsbury, Vt. Apr. 23, 1903 
GAIENNIE, FRANK, JR., Superintendent Switchboard, Kinloch Telephone 


Co.; res., 3935 Sullivan Ave., St. Louis, Mo. Feb. 26, 1904 
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GA1ENNIE, Lovis RENE, Superintendent, Kinloch Telephone Co.; res. ' 

l 4501 McPherson Ave., St. Louis, Mo Nov. 25, 1АЧ , 

GAILLARD, LAWRENCE Lee, Electrical Engineer, Consolidated Raï- | 
way Co., New Haven, Conn. june 15, 1:44 

‘GAINES, CLARENCE AvsrIN, Electrical Inspector, Board of Fire Under- 
writers of the Pacinc, Salt Lake City, Utah. Mar. 25, 1904 


GALLAHER, WiLLIAM HALLESEN, Constructing Engineer, Central Distric: 
& Printing Tel. Co., 416 Seventh Ave., Pittsburg, Pa. Jan. 29, 1:44 
GALLAHER, WILLIAM, Superintendent Electrical Dept., Laclede Gas Ligh: 


Co., 716 Locust St., St. Louis, Mo. Dec. 15, 1:54 
GALLATIN, ALBERT R., Schmidt & Gallatin, 111 Broadway, New York 
City. Mar. 23, 1х 
GALE, FRANK Harvey, Advertising Manager, General Electric Co., Schen- 
ectady, N. Y. May 17, 1904 
GarvsHa, Don Loomis, Electrical Engineer, Vermont Marble Co.. Proc- 
tor, Vt. Oct. 27, 1905 


GARDENER, WILLIAM R., Electrical Engineer, Pittsfield, Mass. 
june 15, 1904 


GARDNER, FREDERICK F., Pittsford, N. y. jan. 29, 1904 
GARDNER, STEPHEN, Westinghouse Electric and Mfg. Co., 171 La Salle 
St., Chicago, Ill. Apr. 23, 1903 
GARLAND, CLauDE M., Instructor in Mechanical Engineering, University 
of Illinois, Champaign, Ш. Маг. 24, 1905 
GARNETT, WILLIAM ren Electrician of the Artillery, U. S. Engineer 
Dept.; res., 6 Elliott Pl., Newport, R. I. Mar. 25, 1904 
GaRRELs, W. L., Consulting Engineer, 1707 South За St.; res., 4531 West 
Pine Boulevard, St. Louis, Mo. Mar. 20, 1895 


GARTLEv, ALoNzo, General Manager, Hawaiian Electric Co., Honolulu. 
H. I. July 12, 1900 
GARTON, WILLIAM R., President and Treasurer, W. R. Garton Co., 118 
West Jackson Blvd., Chicago, Il. Apr. 28, 1905 
GARZA, ALDAPE Jose Maria, Torreon, Coahuila, Mexico. Aug. 17, 1904 
GassMANN, HowaRD MAIN, Assistant рве, Crocker-Whecler Со.. 


Ampere; res., Newark, №. J. July 28, 1903 
Gaston, RALPH May o, Electrical Engineer, George P. Nichols & Bro., 9 
Monadnock Building, Chicago, Ш. July 23, 1004 
GATES, ARTHUR OLIVER, Mill Engineer, Mine & Smelter Supply Co., Salt 
Lake City, Utah. Mar. 27, 1903 
GAYLORD, TRUMAN PENFIELD, Manager, Chicago Office, Westinghouse E. 
& Mtg. Co., 171 La Salle St., Chicago, Il. Feb. 28, 1902 
GAYTES. ПЕЛЕ. Electrical Engineer, Oakland, Cal. Mar. 23, 1898 
GEAR, Harry BaRxNEs, General Inspector, Chicago Edison Co., 139 Adams 
St. Chicago, Ill. Oct. 25, 1901 


Geary, Joun Ricnanp, Representative for Japan, General Electric Co.; 
res., Yokohama United Club, Yokohama, Japan. Mar. 27, 1903 
Gers, Арам, Rue de St. Felix, Far Rockaway, М. Y. July 19, 1904 
Gentis, Ernest L., Draughtsman. Newport News Shipbuilding and Dry 
Dock Co., SHE 26th St., Newport News, Va. June 14, 1905 
GEORGE, JAMES ZACHARIAH, Sales Engineer, Spring River Power Co. 
Joplin, Mo. Sept. 27, 1901 
GERDES, THEODORE RICHARD Nickoras, Rodman, Rapid Transit Con. 
struction Co.; res., 5 Van Nest Pl, New York City. Feb. 27, 1903 
Gerry, Epwarp M., Engineer, Bullock Electric Mfg. Co.. Cincinnati, 
Ohio. Mar. 27. 1903 
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GiBBzs, Tuomas, MipprLETON, Contract Department, Minneapolis General 
Électric Co. è Minneapolis, Minn. Sept. 25, 1903 


GIBBONEY, WILLIAM Kenr, 138 Highland Ave., Buffalo, N. Y. 
| Sept. 27, 1901 


GIBBS, GEoRGE Sasin, Capt. Signal Corps, Signal Office, War Dept., 


Washington, D.C. Sept. 25, 1903 
GIBBS, GEORGE SLocomB, Sales Engineer, Westinghouse E. & M. Co., 716 
Board of Trade Building, Boston, Mass. june 15, 1904 
Сіввѕ, Harry THurston, Westinghouse Electric & Mfg. Co., 111 Broad- 
way, New York City. june 19, 1903 
Gisson, Geo. H., Advertising Engineer, 1121 Park Row Bldg., New 
Yori. City. Nov. 22, 1899 
Сівѕом, Joun JAMESON, Sales Westinghouse E. & Mfg. Co., Land Title 
Bldg., Philadelphia, Pa. Feb. 28, 1902 
GirFIn, FRANK ALBEE, Engineer, W. E. Baker, 27 William St., New 
York City. Apr. 22, 1904 
GILBERT, CHARLES Henry [Local Secretary], Worcester Polytechnic 
Institute, Worcester, Mass. Mar. 25, 1904 


GILBERT, E. E., General Electric Co., Schenectady, N. Y. Арг. 23, 1903 
GILBERT, HowaARD LupLow, 2227 Madison Ave., Baltimore, Md. 

May 19, 1903 
GILBERT, SwoorE Darrow, Commercial Engineer, General Electric Co., 


Cincinnati, Ohio. June 19, 1903 
GILCHREST, CHARLES CHANDLER, Telephone Engineer, Western Electric 
Co., 463 West St., New York City. Dec. 15, 1905 
GILCHRIST, JOHN FosTER, Head Contracting Dept., The Chicago Edison 
Co., 139 Adams St., Chicago, Ill. Jan. 23, 1903 


GILCREST, CHARLES F., 1424 Linden St., Oakland, Cal. Sept. 25, 1903 
GILDER, RODMAN, Mandac of Publicity, Crocker-Wheeler Co., Ampere, 
N. J.; res., 13 E. 8th St., New York City. June 14. 1905 
Спл, FRANK, Engineer in Chief, The National Telephone Co., Ltd., Tele- 
phone House, Victoria Embankment, London, E.C. May 19, 1903 

GILL, LEsTER WILLIs, Professor, School of Mining, Kingston, Ont. 
Mar. 24, 1905 
GILLBERG, KARL GusrarFr, Electrical and Mechanical Engineer, 29 Broad- 


way, New York City. Jan. 29, 1904 
Gitte, Henry Jonn, General Superintendent, St. Paul Gas Light Co., St. 
Paul, Minn. Jan. 25, 1901 
GILLET, Louis ALLSTON, Assistant to Secretary, A. S. of M. E.; res., 
32 W. 10th St., New York City. Apr. 22, 1904 


Gitcett, Harry, Branch Manager, H. W. Johns-Manville Co., 14 So. 
Water St.; res., 408 Dunham Ave., Cleveland, Ohio. Apr. 23, 1903 
GirL1AM, Носе, Biectine Engineer, W. E. & Mfg. Co., Land Title Building, 
Philadelphia; res., Ardmore, Pa. Jan. 23, 1903 
GILLILAND, CLARENCE Rey, Correspondent, Westinghouse E. & M. Co., 
1102 Traction Building, Cincinnati, Ohio. May 17, 1904 
GILMAN, Francis Lyman, Telephone Engineer, Western Electric Co., 463 
West St., New York City; res., Montclair, N. J. June 28, 1901 
GiL MAN, RarPH Epson, Engineer, The British Westinghouse E. & M. Co., 
Ltd., Manchester, Eng. Sept. 25, 1903 
GILMORE, ALBERT DicKisoN, Assistant in Testing Laboratory, Chicago 
Edison Co., 139 Adams St., Chicago, Ill. Mar. 27, 1903 
‘GILMORE, JONATHAN MONROE, Foreman, Testing Room, Stanley Electric 
Mfg. Co.; res., 13 Broad St., Pittsfield, Mass June 15. 1904 
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Ginn, Evander H , Railway Engincering Department, General Electric 
Co., Empire Bldg., Atlanta, Ga. Mar. 27, 193 


GIRDLER, Lovis Tracy, Superintendent, Street Railway Dept., Muske- 
gon Traction & Lighting Co., Muskegon, Mich. June 14, 1905 


GLascow, Carr Lane, Engineer, Westinghouse, Church, Kerr & Co.. 8 
Bridge St.; res., 164 W. 50th St., New York City. Mar. 27, 1903 


Grass, Lovis, Assistant General Manager, Pacific Telegraph and Telephone 


Co., Telephone Bldg., San Francisco, Cal. Oct. 24, 1900 
Grassco, Joun GirpLESTONE, Hamilton Cataract Power, Light & Trac- 
tion Co., Ltd., Hamilton, Ont. May 19, 1903 


GLENcK, IMMO AporpPu HgiNRICH, Consulting Engineer, for Electricity 
and Gas Production, Frankfurt A/M, Germany. Jan. 23, 1903 


GLENN, CHARLES SEW ALL, Electrical Inspector, Solvay Process Co., Syra- 


cuse, N. Y. May 17, 1904 
GLENN, WILLIAM Harper, Superintendent Roadways, Georgia Rwy. & 
Electric Co., 24 E. Alabama St., Atlanta, Ga. June 15, 1904 


GLOVER, BENJAMIN HOWELL, Supt. M. P., Metropolitan West Side Ele- 
vated Rwy. Co., 1001 Royal Ins Bldg., Chicago, Ш. Tan. 29, 1904 


GODDARD, STEPHEN Harre, Secretary and Manager, Electrical Review. 
13 Park Row; res., 223 Fifth Ave., New York City. Sept. 25, 1903 


GODDARD, WALTER THoMpson, Electrical Engineer, Locke Insulator Mfg. 
Co., Victor, N. Y. Oct. 28, 1904 


Совнѕт, J. Henry, Construction Superintendent, Chicago Edison Co., 139 
Adams St.; res., 4013 Langley Ave., Chicago, Ill. May 17, 1904 


GoEPEL, Cart Pavr, Counsellor-at-Law, Goepel and Goepel, 290 Broad- 


way, New York City. © Маг. 24, 1905 
GoETTLING, GERHARD Max WIL y, Electrical Engineer, Edison Electric 
Illuminating Co., 516 Atlantic Ave., Boston. Nov. 25, 1904 


GoGGANS, DANIEL Forrest, J. M. O'Rourke & Co, Roosevelt, Ane. 
Aug. 25, 1905 
Согрімс, Henry Joux, Electrical Engineer, Drafting Department, 


Western Electric Co., Chicago, Il. Feb. 24, 1905 
GOLDMAN, GEORGE, Tester, General Electric Co.; res., 9 Grove P1., Schen- 
ectady, N. Y. Mar. 25, 1904 
GOLDMARK, Cuas. J., Consulting Electrical Engincer, 66 New St., New 
York City. June 5, 1888 
Gotprick Harry C., Chief Electrician, Indianapolis Telephone Co.. 
1907 Talbott Ave.. Indianapolis, Ind. Sept. 22, 1905 
Согрѕснмірт, Epwarp W., District Sales Agent, Wagner Electric Mfg. 
Co., 17 Battery PL, New York City. July 28, 1903 
Согрѕмітн, LEoN, Westinghouse E. & M. Co.; res., 717 So. Мешеу Ave., 
Pittsburg, Pa. May 17, 1904 
GoopbE, Henry W., President, Portland General Electric Co., Portland, 
Oregon, July 19, 1004 


GOODELL, JOHN M., Engineering Record, 114 Liberty St., New York City. 
Feb. 27, 1503 
GoobwirLLIE, Вовект Hocvg, Electrical Engineer, Kny-Scheerer Co., 31 


Wash.nzton St, Brooklyn, М. Y. Mar. 25, 1904 
Goopy, Conar Payne, Assistant Engineer, The Telluride Power Co., 
Provo, Utah. Oct. 24, 1902 
Gornon, GEoRcGE Byron, Wire Chief, кае & Potomac Tel. Сос, 
Washington, D. С. May 19, 1903 
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Gorpon, REGINALD, Newburg, N. Y. Feb. 24, 1891 
GORMAN, HARRY B. L., Tester, Northern Electrical Mfg. Co.; res.. 1150 
Jenifer St., Madison, Wis. Jan. 27, 1905 
GonnissEN, CH., Siemens Bros. & Co., Ltd., York Mansions, York St. 
Westminster, London, S. W. Eng. Mar. 25, 1896 
GosrLiN, Ernest Tuomas, Chief Electrical Engineer, Corporation Tram- 
ways, 88 Renfield St., Glasgow, Scotland. May 19, 1903 

Gort izes, PauL, Electrical Engineer, 677 Golden Gate Ave., San Fran- 
cisco, Cal. Aug. 25, 1905 
Соосн, Epear W.. Electrician, Stanley Instrument Co., Great Barrington, 
Mass. Feb. 26 1904 
Govcu, Harry EUuGENE, Assistant in Office Mechanical Engineers, Penn. 
К. К. Co., res., 1526 9th St., Altoona, Pa. Jan. 9, 1901 
Собир, CHARLES M., Treasurer, Gould Storage Battery Co., 1 W. 34th St., 
New York City; res., Bayside, L. 1. Jan. 29, 1904 
Собо, Epwarp Freperick, Electrical Engineer, Aurora, Elgin & 
Chicago Railway Co., Wheaton, Ill. Sept. 25, 1903 
Соор, WiLLIAM S., Vice-president and General Manager, Gould Storage 
Battery Co., 1 W. 34th St., New York City. Jan. 29, 1904 
Grace, Sercivus P., Chief Engineer, Central District and Printing Tele- 
graph Co., Pittsburg, Pa. Mar. 27, 1903 
GRADOLPH, WILLIAM FREDERICK, JR., Chief Engineer, American Electric 
Co., 8063 Chestnut St., St. Louis, Mo. Jan. 23, 1903 
GRAHAM, WitLiAM Р. [Local Secretary], Professor of Electrical Engineer- 
ing, Syracuse University, Syracuse, N. Y. Jan. 24, 1902 
GRALING, VERNEY, Electrician, Niagara Falls Power Co.; res., 422 13th 
St., Niagara Falls, N. Y. Aug. 22, 1902 
GRANBERY, JULIAN H., Engineering & Mining Journal, 505 Pearl St, 
New York City. Aug. 5, 1896 
Grant, Lours T., General Manager, Grant & Co., Ltd., 68 Dulumbayan, 
Manila, P. I. Nov. 22, 1899 


Grant, Oxrtver Remick, Asst. to Electrical Engineer, Safety Insulated 
Wire & Cable Co., 114 Liberty St., New York City. Mar. 28, 1902 


Graves, CARLETON AuGUsTUsS, Electrical Engineer, Edison Building, 


Pearl St., Brooklyn. Mar. 27, 1903 
Graves, СЕОЕСЕ Harrison, Foreman, Feeder Dept., Interurban St. Ry. 
Co.; res., 202 W. 143d St., New York City. Jan. 29, 1904 
Gray, AINSLIE ALEXANDER, Assistant Editor, Electrical Review, 13 Park 
Row; res. 38 Cooper St., Brooklyn, N. Y. Aug. 22, 1902 
Gray, CHARLES FREDERICK, 80 Melbourne Grove, East Dulwich, London, 
S. E., Eng. Dec. 19, 1902 
Gray, Сүре D.. Assistant in Electrical Department, J. С. White & Co., 
43 Exchange P1., New York City, Apr. 25, 1902 


Gray, Epwarp Wy trys Taytor, Manager, N. Y. Sales Office, Westing- 
house Elec. & Mfg. Co., 11 Pine St., New York City Jan. 3. 1902 


Gray, GEoRcE Everarn, Grav Electric Co., Leavenworth, Kansas. 


Feb. 24, 1905 
Gray, Latimer D., Electrical Engineer, Union Pacific Coal Co., Rock 
Springs. Wyo Feb. 27 1903 


Gray, Roy WirtLiAM, Engineering Dept., Pacific States Telephone & 
Telegraph Co., 216 Bush St., San Francisco, Cal. Nov. 20, 1903 
Gray, Vance I., Engineer and Salesman, The F. Bissell Co., Toledo, 
Ohio. Feb. 27, 1903 
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GREEN, ALFRED, Expert, Galena Signal Oil Co., 168 Montague St.; res, 


41 Schermerhorn St., Brooklyn, N. Y. May 15, 1905 
GREEN. CHARLES MaxwELL, Engineer on Brush Arc Dynamos, General 
Electric Co.; res., 73 Вакег St., Lynn, Mass. Feb. 28, 1902 


GREEN, Fren. J., Electrical and Mechanical Engineer, Springfield Tror 
& Piqua Railway Co., Bushnell Bldg., Springneld, O. Apr. 23, 1903 
GREEN, GeorGE Ross, Engineer Meter Dept., The Philadelphia Electric 
Co., N.E. cor. 10th and Sansom Sts., Philadelphia, Fa. Apr. 23,1903 
GREEN, HEATLEY, Detroit United Railway; res., 42 Woodland Terrace, 
Detroit, Mich. Dec. 18. 1903 
GREENIDGE, CHARLES AvsTIN, General Manager Electric Dept., Utica 
Gas and Electric Co., 86 Lafayette St., Utica, М. Y. June 19, 1903 
GREENLEAF, Lewis Srone, General Superintendent, Hudson River Tele- 
phone Co., Albany, N. Y. Aug. 5, 1896 
Grecory, [онх Precu, Engineer, Power and Lighting Department, The 
British Thomson-Houston Co., Ltd., Rugby, Eng. Sept. 25, 1903 
GRESHAM, WILLIAM ANDREW, Chief Dynamo Man, Georgia Electric Co ; 
res., 474 So. Pryor St., Atlanta, Ga. Apr. 22, 1904 
GREVATT, FRANK FROMMEL, Electrical Engineer, Crocker-Whecler Co., 
Ampere; res., 291 Spring St., W. Hoboken, N. J. May 15, 1905 
GRIER, ARTHUR Gorpon, Engineer, Western Electric Co.; res., 35 E. 46th 


St., Chicago, Ill. July 19, 1904 
GRIFFEN, Jor D., Inventor, Electric Conduit and Electric Signaling 
Apparatus, 82 Wall St., New York City. Aug. 13, 1597 


GriFFES, EucENE V., Oceanside Electric & Gas Co., Oceanside, Cal. 
: Feb. 26, 1896 


GriFPFIN, EUGENE, First Vice-president, General Electric Co., 44 Broad 
St., New York City. Feb. 7, 1890 
GRIFFIN, Tuomas Lrovp, Agent, General Electric Co., Wilkesbarre, Ра. 
Apr. 22, 1904 

GRIFFITH, Percy Le Roy, Electrical Engineer, New York Telephone Co., 


15 Cortlandt St., New York City. Dec. 19, 1902 
GRISSINGER, Erwoop, Engineer, The Cataract Power & Conduit Co., 718 
Fidelity Blg., Butralo, N. Y. Mar. 28, 1902 
Скон, BERNARD CHARLES, Supt. of Equipment, Inter-State Telephone 
Co., of New Jersey, Trenton, М. J. Nov. 20, 1903 
Grove, Epmunp Риплр, Chief Engineer, Central London Railway, Cax- 
ton Road, Shepherd's Bush, London W., Eng. Mar. 24, 1905 


GvpEMAN, LEo, Designer, Allis-Chalmers Co., 415 Cass St., Milwaukee, 
Feb. 26, 1904 


Wis. 
GUERRERO, Jur10, Associated with the Durango Electric Light Co., 
Reresas, 97 Durango, Mex. Apr. 25, 1909 
Gvargn, J. H., President, Gugler Electric Mfg. Co., 223 Sth St. South; 
res., 2624 Garfield Ave., Minneapolis, Minn. Aug. 25, 1905 


GuINLe, Epwarp, Electrical Engineer, 55 Rua do Ouvidor, Rio de Jan- 
eiro, Brazil. Mar. 27, 1903 
GUIRKIN, CHARLES, Vice-President and General Manager, Elizabeth City 
Telephone Co., Elizabeth City, N. C. Nov. 24, 1905 
Gump, WarLTER Rix&ERD, Electrical Engineer, Niagara Construction Co., 
Niagara Falls, N. Y. Nov. 20, 1903 
GuRNEY, IIowanp F., General Superintendent of Construction, Otis Ele- 
vator Co., 71 Broadway, New York City. Mar. 27, 1903 
GurBROD, FRIEDRICH WILHELM, Electrical Engineer, Koenig! Ma- 
schinen Inspektion, Halle a. d. Saale, Germany. Feb. 27, 1903 
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Guy, Georce Herr, Secretary, The New York Electrical Society, 114 


Liberty St., New York City. May 106, 1893 
Н A1iGHT, Louis Henry, Engineering Apprentice, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. May 19, 1903 
Haircut, Monroe GLBASON, Westchester Lighting Co., Mt. Vernon, 
N. Y. July 25, 1902 
HAIGLER, WiLLiAM Hope, Partner, Mosley-Haigler Electric Co., 216 
Bibb St., Montgomery, Ala. June 19, 1903 
HAKONSON, CARL HARALD, Electrical Engineer, Allmanna Svenska E. 
A. В., Westeras, Sweden. Sept. 25, 1895 
HALE, ROBERT SEVER, Assistant to Gen. Supt,. Edison Electric ПІ. 
Со. of Boston, 925 Boylston St., Boston, Mass. Aug. 25, 1905 


Hace, WiLLiAM Все [Local Hon. Secretary], Gen. Mgr., Mexican Tel. & 
Tel. Co., Arco de San Agustin 8, City of Mexico. Арг. 22, 1904 


H ALL, CLARENCE MORTIMER, Teacher of Physics and Electricity, Manual 


Training School No. 1, Washington, D. C. Mar. 28, 1902 
Ha ut, Davin, Assistant Engineer, Bullock Electric Mfg. Co., Cincinnati, 
Ohio. Mar. 27, 1903 
H ALL, Epwarp J., Vice-president and G. M., Amcrican Telephone and 
Telegraph Co., 15 Dey St., New York City. Apr. 18, 1893 
Нлл, Frank WeELtts, Office Engineer, Sprague Electric Co., 52 W. 
34th St., New York City. Oct. 24, 1902 
HarL, FRED'K A., Ampere, N. J. Aug. 23, 1899 


HarL, FREDERICK JAMES, Assist. to General Manager, The India Rubber 
and Gutta Percha Insulating Co., Yonkers, N. Y. May 19, 1903 


HALL, HARRIOTT Curtis, Testing Department, General Electric Co.; res., 
220 Liberty St., Schenectady, М.Ү. June 28, 1901 

HALL, Hs YouNc, JR. Electrical Operator, Interborough Rapid 
Transit Co., 74th St. and E. R., New York City. Mar. 21, 1903 
HarL, Jav Нооситом, Chief Draftsman, Electric Controller and Supply 
Uo.; res., 300 Genesee Ave., Cleveland, О. Jan. 27, 1905 
HALL, Josera “Bates, Consultins Engineer, 616 W. 65th D1., Chicago, 
June 19, 1903 

HALL, NR Iveson, Machine Designer, German-American Button Co. 
res., 865 Clinton Ave. So., Rochester, N. Y. Jan. 29, 1904 
Hatt, Newton Lee, Draftsman, Colorado Telephone Co., 1447 
Lawrence St.; res., 1762 Logan Ave., Denver, Colo. Mar. 27, 1903 
HALLBERG, J. H., Consulting Engineer, 45 Broadway, New York 


City. Aug. 23, 1899 
HALLER, WINFIELD A., Engineer, Sanderson & Porter, 52 William St.; 
res., 509 W. 124th St., New York City. Sep. 25, 1903 
HALLSWorTH, HERBERT MonrLock, Draughtsman, Western Electric 
Co.; res., 1559 W. Monroe St., Chicago, Ill. Jan. 27, 1905 
HALSEY, HENRY, General Manager, Halsey Electric Generator Co., 400 
Claremont Ave., Jersey City. July 28, 1903 
HAMBURGER, Max, Ph.D., Electrical Engineer, Union  Electricitats- 
Gesscllschaft; res., 8 Pariser St., Berlin, Ger. July 28, 1903 
HAMERSCHLAG, ARTHUR A., Director, Carnegie Technical Schools, 313 
Sixth Ave., Pittsburg, Pa. Mar. 25, 1896 
HAMILTON, GEORGE WELLINGTON, 117 South St., Pittsfield, Mass. 
Jan. 23, 1903 
HAMILTON, Isaac, Master Signal Electrician, Signal Corps, U. S. Army, 


39 Whitehall St., New York City. Jan. 27, 1905 
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HaMiLTON, JAMES, Patent Law Specialist, 31 Nassau St., New York 


City; res., Lincoln Ave., Orange, N J. Nov. 23, 1898 
Нлмитох, Joux, Chief Electrician, Boston Elevated Railway Co., 555 
Harrison Ave., Boston, Mass. june 14, "1902 
HaMiLTON, RALPH BERGEN, Manager, The Packard Electric Co., Ltd., 
St. Catharines, Ont. Nov. 22, 1901 
Hamuin, Puitip, President's Special Agent, The Colorado Telephone Co.: 
res., The Shirley Hotel, Denver, Colo. Mav 19, 1903 
HamMMATT, CLARENCE S., Vice-president Florida Electric Co., Jackson- 
ville, Fla. А Sept. 20, 1893 
HaMMoND, Joux Woops, Superintendent, Light, Water and Sewerage 
Commission, Grithn, Ga. Oct. 27, 1905 
HaAMMOND, Lyman Pierce, Sales Manager, Denver Engineering Works, 
Denver, Colo. Mar. 27, 1903 
HamMMOND, Ковевт, Consulting Electrical Engineer, 64 Victoria St., 
Westminster, London S. W., Eng. Nov. 25, 1904 
HAMNER, CHARLES SUTHERLAND, Entiutém Foreign Engineering Dept.. 
General Electric Co., Schenectady, N. Y. Dec. 23, 1904 
Hampson, RicuaRD BENJAMIN, Salesman, General Electric Co.; res., 86 
Moulton St., Lynn, Mass. Apr. 23, 1903 


HANCHETT, FRANK E., Electrical Engineer, Jamestown, №. Y. 
Jan. 23, 1903 
Hancock, L. M., Consulting Electrical Engineer, Fortuna Lighting Co., 


Fortuna, Cal. May 19, 1591 

. Hancox, SaMvEL HERBERT. Electrician, Queensland Government Rail- 
ways, North Ipswich, Queensland, Aus. Sept. 25, 1003 
Hann, МиллАМ, Engineer, General Electric Co., 816 Wainwright Build- 
ing; res., 727 W alton Ave., St. Louis, Mo. Apr. 23, 1903 
HANKER, Fren, CuarLes, Designing Engineer, Westinghouse Electric 
and Mfg. Co., Pittsburg, Pa. Jan. 27, 1905 
Hanks, MarsnaLL, WILFRED, Engineer, 216 Langdon St., Madison, Wis. 
Jan. 3, 1902 

Hanna, Max Ross, Electrical Engineer, General Electric Co., Schenec- 
tady, N. Y. Apr. 23, 1903 
Hanscom, Perry THEODORE, Engineer, General Electric Co., Schenec- 
tady, N. Y. Mar. 27, 1903 
Hanscom, WM. W., Chief Electrical Engineer, Union Iron Works, 818 
Clayton St., San Fancisco, Cal. Apr. 25, 1900 
HANSON, ARTHUR James, Lawrence & Hanson. 33 York St.; res, 
Drummoyne, Sydney, N. S. W. Nov. 22, 1899 
HARDER, Epwin PARTRIDGE, The Cataract Power and Conduit Co.; res., 
28 California St., Buffalo, №. Y. Apr. 23, 1903 
IIARDING, Н. McL., 20 Broad St., New York City. May 24, 1887 
[I ARDY, Cant. Ernest, Master Electrician, U. S. Navy Yard, Norfolk, Va.; 
res., 200 London St., Portsmouth, Va. Dec. 27, 1899 


ITARISBERGER, Jony, Seattle Cataract Co., Seattle, Wash. Мау 20, 1902 
llARPER, HERRERT Rran, City Electricai Ей. Melbourne City 
Council, Town Hall, Melbourne, Victoria. June 19, 1903 
HARRIES, GeorGE HERBERT, Vice-president, The Washington Railway 
and Electric Co., Washington, D. C. june 19, 1903 
HARRIS, CHARLES ORRIN, Engineer, Utah Independent Telephone Co., 
Salt Lake City, Utah. Sept. 25, 1903 
Harr's, GEorGE H., Superintendent of Equipment, Birmingham Railway 
Light and Power Co., Birmingham, Ala. dne 20, 1894 
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Harris, GRENVILLE A., Electrical and Mechanical Engineer, Takata & 


Co., 10 Wall St., New York City. Oct. 25, 1901 
Harris, Henry CHARLEs, Electrical Inspector, Ohio Inspection Bureau; 
res., 318 East State St., Columbus, O. Apr. 28, 1905 
Harris, JAMES Wir ?RID, Engineer, British Westinghouse Electric & Mfg. 
Co., Ltd., Manchester, Eng. Oct. 28, 1904 
HARRIS, SAMUEL CLARK, In charge of Storage Batteries, New York Edison 
Co., 47 W. 26th St., New York City. May 19, 1903 
Harris, WILLIAM Woopson, JR., Draftsman, 910 Union Trust Bldg.. 
San Francisco, Cal. Nov. 25, 1904 
HannisoN, Burt SvrvaNvs, Consulting Engineer, 81 Wall St.; res., 442 
Lexington Ave., New York City. June 19, 1903 
Harrison, JAMES, Assistant Chief Engineer, The Kinloch Telephone Co.. 
1055 Century Building, St. Louis, Mo. Apr. 23, 1903 
Hart, Percy E., Electrical Engineer, Canadian General Electric Co., 14 
King St. E., Toronto, Ont. Sept. 25, 1903 


Harter, Bret, 1123 Schofield Building, Cleveland, Ohio. July 26, 1900 
HARTHAN, CHARLES E., Electrical Engineer, General Electric Co., Lynn. 
Mass. Apr. 23, 1903 
HaAnTMANN, Francis M., Instructor of Experimental Physics and Elec- 
trical Measurements, Cooper Union, New York City. Sept. 26, 1902 


Harvey, Dean, Electrical Engineer, Westinghouse Electric & Mfg. Co., 


Pittsburg, Pa. Mar. 25, 1904 
Harvey, GILBERT ALEXANDER, Electrical Engineer, International Rail- 
way Co., Buffalo, N. Y. May 19, 1903 
Harvey, Rosert R., 20 So. Franklin St., Wilkesbarre, Pa. 
[Life Member.| Sept. 25, 1895 
Harvie, WirLiAM JAMES, Electrical Engineer, Utica and Mohawk Valley 
Ry. Co., Utica, N. Y. Apr. 23, 1903 
HasELDEN, Harry ARIEL, Electrical Engineer, The Whitin Machine 
| Works, Whitinsville, Mass. Oct. 24, 1902 
HasuHimoto, SENNOSUKE, Electrical Engineer, Osaka Electric Light Co., 
Osaka, Japan. May 15, 1905 
HaskELL, GEORGE Myron, Selling Agent, J. С. Brill Co.; res., 32 Maple 
St., New Haven, Conn. May 19, 1903 
Haskins, WILLIAM EDGAR, Superintendent, Willimantic Gas and Elec- 
tric Co., Willimantic, Conn. Jan. 25, 1901 
HassLER, Cuas T. F., Uplandsgatan 7, Stockholm, Sweden. 
Oct. 24, 1900 
Hastincs, Lovis Brounett, Erecting Road Engineer, Stanley Electric 
Mfg. Co., Pittsfield, Mass. Oct. 23, 1903 
HaTcH, AusTiN SMITH. Electrical Engineer, 27 Woodward Ave., res.; 
Avery Ave., Detroit, Mich. Sept. 26, 1902 
HatTHaway, JosEPH D., JR., Superintendent, The Wire & Cable Co., Mon- 
treal, Que. Aug. 5, 1896 
HATZzEL, J. C., Firm Hatzel & Buehler, 571 Fifth Ave.; res., 1231 Madison 
Ave., New York City. Sept. 3, 1889 
Havusricu, ALEX. MICHAEL, Electrical Engineer, Stromberg-Carlson Tele- 
phone Mfg. Co.. Rochester, N. Y. Apr. 26, 1901 
HaucHTOoN, EnNEsT HARLAN, District Manager, Bryan Marsh Co., 50 
Perin Building, Cincinnati, Ohio. Feb. 26, 1904 
HAVENS, ARTHUR L., Salesman and Engineer, Kilbourne & Clark Co., 815 
Second Ave., Seattle, Wash. Mar. 27, 1903 
HAwEKINS, CHARLES CAESAR, Electrical Engineer, Н. Allen, Son & Co., 
td.; res., 37 Conduit Road, Bedford, Eng. Nov. 20, 1903 
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Hawkins, LAURENCE A., Engineer, Patent Department, General Electric 
Co., Schenectady, М.Ү. Jan. 23, 19023 


Hawkins, WiLLIAM CLARK, General Manager and Secy., Hamilton Cata- 
ract Power Lt. Traction Co., Ltd., Hamilton, Ont. June 19, 1903 


Hawks, H. D., Engineer, with General Electric Co., 44 Broad St., New 


York City. May 21, 1901 
HaAvDEN, JosEPH Le Roy, Electrical Engineer, Goneral Electric Co.; res.. 
Wendell Ave., Schenectady, N. Y. Jan. 29, 1904 
HaAvDEN, ViraL, Electrical Engineer, Frontier Telephone Со.; res., 64 
Emerson Place, Buffalo, N. Y. Oct. 28, 1904 
Hayes, ALBERT Earve, Designing Engineer, General Electric Co.: res., 
28 Atlantic Terrace, Lynn, Mass. Aug. 17, 1904 
Haves, Ciirton Віснмомр, Electrical Engineer, Ludlow, Mfg. Associates, 
Ludlow, Mass. June 19, 1903 
Haves, James Epwarp, JR., Assistant in Laboratory Western Electric 
Co., New York City. Mar. 27, 1903 
Hayes, Joun Bartrett, Union Electric Light and Power Co., 3504 
Lindell Ave., St. Louis, Mo. June 19, 1903 
Hays, GeorcE, 19) Belleville Ave., Bloomfield, N. J. Apr. 23, 1903 
Hays, Jonn Correg, Electrical Engineer, L. D. Stillwell, Park Row 
Building, New York City. Jan. 29, 1904 
Haywarp, NATHAN, Traffic Engineer, Bell Telephone Co., Philadelphia, 
Pa. Aug. 25, 1905 
Haywarp, RonEnT Francis, Chief Engineer, The Utah Light and Power 
Co., Salt Lake City, Utah. Apr. 23, 1903 
HazARD, WILLIAM JONATHAN, Assistant Professor Colorado School of 
Mines, Golden, Colo. Mar. 27, 1903 
Hazen, Wititam Pitt, Chief Engineer, Central Market Street Railway 
Co., and C. L. and S. Ry. Columbus, O. Mar. 25, 1904 
HEALY, Lovis W., Treasurer, East Liverpool Railway Co., East Liverpool, 
Ohio. June 26, 1591 


Heany, Joun Arren, Expert, Teter-IIeany Developing Co., York, Pa. 
© Oct. 25, 1901 
HEATH, Writs IIggBERT, Engineer and Draftsman, with C. О. Mail. 


loux; res., 9 Hanson Pl., Brooklyn, №. Y. Mar. 27, 1903 
HEgpENnERG, Wm. L., Manager and Editor, Electricity, 136 Liberty St., 
New York City. . Nov. 21, 1894 
Hencer, LESLIE ARTHUR, Draughtsman, California Gas and Electric Cor- 
poration, San Francisco, Cal. Aug. 25, 1905 


HEpniIN, Kares, Electrical Engineer, Vesteras, Sweden. Apr. 22, 1904 
HEFFERNAN, foun T., President, Heffernan Engine Works, 108 Railroad 


Ave., Seattle, Wash. Nov. 24, 1905 
Hert, NaruaN Hopkins, Chief of Electrical Dept., №. Y. & N.H. Н 
R. R., Bridgeport, Conn. Aug. 23, 1899 


HgripENRICH, Hans Enwarp, Designing Engineer, Millheim Baden, Ger. 
Mar. 25, 1904 
HEILMAN, CHARLES JONES, Electrical Engineer, W. К. Grace & Co., Lima, 


Peru. Jan. 27, 1905 
Heinze, Jonn O., Heinze Electric Co., Lowell, Mass. June 14, 1905 
HeLLEBUCK, Gustave J., Electrical Engineer, Societe tramvie e Ferrovie 

Elettriche, 24 via d'Azeglis, Rome, Italy. April 25, 1902 
Нека, Harvey Epoar, Superintendent, Bevney Traction Co., Sala- 

manca, N. Y. Apr. 28, 1905 


HELLICK, CHAUNCEY GRAHAM, 510 Northampton St., Easton, Pa. 
Jan. 26, 1805 
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HrLLMvNp, Короірн E., Designing Engineer, Western Electric Co., 


Hawthorn; res, Hinsdale, I. July 28, 1905. 
HEMINGWAY, ALBERT FRANKLIN, Engineering Dept., American Elec- 
tric Telephone Co., 706 E. 42d St., Chicago, Ш. Sept. 27, 1901 


HEMINWAY, CHARLES MERRITT, ‘Treasurer and Manager, Consolidated 
Engine-Stop Co., 100 Broadway, New York City. Mar. 24, 1905 


HEMPHILL, WILLIAM, Draftsman, Cataract Power & Conduit Co., 811 7th 


St., Buitulo, №. Y. June 15, 1904 
HENDERSON, ALEX., Electrician, Sprague Electric Co.; res., 122 West 103d 
St., New York City. Nov. 30, 1897 
HSSBERSON, CLARK Travis, Salesman, Cutler Hammer Mfg. Co., 2210 
Farmers’ Bank Building, Pittsburg, Pa. Mar. 25, 1904 


LigssERsQN. Henry Banks, 98 Washington Square, Salem, Mass. 
May 21, 1895 


HENDERSON, JOHN STEELE, Steam Turbine Testing Department, West- 


invhouse Machine Co., Pittsburg, Pa. Dec. 23, 1904 
HENDERSON, КовкЕкт H., Detail Engineer, Westinghouse E. & M. Co., 
Newark, N. J. Jan. 23, 1903 
Henprey, W. R., Salesman, Stanley С. I. Electric Mfg. Co., 69 New 
Montgomery St., San Francisco, Cal. May 15, 1905 
HeENpDRY, WiLLIAM Ferris, Factory Engineer, Western Electric Co., 463 
West St., New York City. Apr. 23, 1903 
HENDRICKSON, Everett House, Student, Cornell University; res., 211 
Eddy St., Ithaca, М. Y. Nov. 24, 1905 
HENNINGER, Puiiip Encar, Construction Engineer, Westinghouse Elec- 
tric and Mfg. Co., New York Сиу. — Apr. 28, 1905 
Henry, ARTHUR Вовевт. Ross & Holgate, 80 Francois Xavier St., 
Montreal, Que. July 28, 1903 
Henry, Davin Cart, Engineer, with Harry E. Knight, 20 Broad St., New 
York City. Nov. 20, 1903 
Henry, GeorceE Cuinton, District Manager, Bullock Electric Mfg. Co., 
Atlanta, Ga. Jan. 3, 1902 


Henry, СғовсЕ J., JR., Engineer The Pelton Water Wheel Co., 143 
Libcrty St., N Y. ‚& 127 Main St., San Francisco, Cal. Apr. 27, 1893 


HENRY, IRA WALTON, Vice-president, and Cable Engineer The Safety 


Cable Co., 114 Liberty St., New York City. May 21, 1901 
HERBERT, EDWARD, Western Electric Co., 259 South Clinton St.; res., 111 
Loomis St., Chicago, Ill. Oct. 24, 1902 
Неврт, Lovis A., Lecturer on Electrical Engineering, McGill University, 
Montreal, Canada. May 16, 1899 
Herrick, ALBERT B., Consulting Electrical Engineer, 120 Liberty St., 
New York City; res., Ridgewood, N. J. May 21, 1901 
Hgnzoc, Joser, Chief of Installations Department, Ganz & Co., V. Elisa- 
betplatz, 1 Budapest, Austria- Hungary. Jan. 3, 1902 
HeskETH, Jony, Electrical Engineer, Queensland Government, Post and 
Telegraph Dept., Brisbane, Queensland. May 21, 1901 
HESKETH, Tuomas, Managing Engineer, Folkestone Electricity Supply 
Co., Ltd., Cheriton Road, Folkestone, Eng. Nov. 25, 1904 


Hess, ADOLFO С. B., via Principe Amedeo 22, Torino, Italy. Nov. 20, 1903 
Hess, HERBERT H., Assistant in Transformer Eng’g Department, General 


Electric Co., ‘Schenectady, М.Ү. Apr. 23, 1903 
HESTON, CHARLES Evisua, Asst. Electrical Engineer, Signal Corps, U. S. 
Army, Fort Wadsworth, Rose Bank, N. Y. May 15, 1905 
Hewitt, CuaRLES E., President, С. E. Hewitt & Co., Park Row Building, 
New York City. | Sept. 25, 1895 
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Hewitt, PETER Cooper, 11 Lexington Ave.. New York City. 


May 21, 1901 
Hewitt, WitLiAM R., Chief, Department of Electricity, City Hall Court, 
San Francisco, Cal. May 15, 1894 
Hewett, Epwarp M., Engineer, General Electric Co., res.; 27 University 
P1., Schenectady, №. Y. May 19, 1891 
HEvwoop, JAMES, Assistant AE E Philadelphia Rapid Transit 
Co., 820 Dauphin St., Philadelphia, Pa. Dec. 23, 1904 
HIBBARD, TRUMAN, Chief Engineer, Electric Machinery Co., res., 2410 
Garfield Ave., Minneapolis, Minn. june 15, 1904 
Hickok, Freperick S., Electrical Engineer, Northern Engineering 
Works, 1141 Monadnock Bldg., Chicago, Ill. Apr. 23, 1903 
HicGiNs, WARREN SNEDEN, Western Electric Co., New York City; res., 
69 S. Oxford St., Brooklyn, N. Y. june 14, 1905 
HILBERT, ALFRED, Draftsman, S. M. Bixby, 1173 Fulton Ave., Bronx, 
New York City. Apr. 22, 1904 
HicpBurRGH, WaLTerR L., c/o D. Н. Hildburgh, Hotel Normandie, 
New York. Dec. 28, 1898 
HILDEBRANDT, Henry A., Shipley St., Forest Parkway, Woodhaven, L. I. 
Apr. 28, 1905. 
Но, Freperick Warponr, Assistant Engineer, General Electric Co, 
1047 Monadnock Building, Chicago, 11]. Oct. 28, 1904 
Hiri, CuarLes B., Vice-president and Manager, Cooper-Hewitt Electric 
Co., 111 Broadway, New York City. May 15, 1905 
Нит, FREDERICK Warren, Chief Engineer, Phoenix Electric Mfg. Co., 
Mansfield, Ohio. June 14, 1905 


Hitt, G. Henry, Packwood Boulevard and Union Ave., Schenectady, 
N. Y. Jan. 25, 1899 
Hitz, Georce WirtLrAM, Manager Storage Battery Dept. Canadian General 
Electric Co., Ltd., 14 King St. E., Toronto, Ont. Jan. 29, 1904 
Hitt, Нлівевт Pavr, District Manager, Bullock Electric Mfg. Co., 1505 


Chemical Building, St. Louis. Aug. 17, 1904 
Hitt, Marcom Wescott, Electrical Engineer and Contractor, 405 
Courtland St., Baltimore, Md. Feb. 24, 1905 


Hirt, Nicnoras S., Jr., Consulting Engineer, 520 Equitable Bldg., 
Baltimore, Md., and 100 William St., New York City. Aug. 5, 1896 
Hitt, Roy W., Stanley С. I. Electric Mfg. Co., Pittsfield, Mass. 


Oct. 27, 1905 

Нил„ W. H., Assistant Superintendent, Con. Dept., New York Edison 
Co., New York City. Aug. 17, 1904 
Hittrarp, FRANK Wyman, Student, General Electric Co.; res., 80 Park 
St., Lynn, Mass. Dec. 15, 1905 
HirLiARD, Joun D., Jr., Electrical Engineer, Hudson River Water Power 
Co., Glens Falls, N. Y. June 19, 1903 


HitLiARD, Tuomas WILLIAM Nicos, District Manager and Engineer, 
The Canadian General Electric Co., Ottawa, Ont. Mar. 27, 1903 


Hirman, H. W., General Electric Co., Schenectady, N. Y. Jan. 3, 1902 
Німрерт, EpwiN Сковсе, Chief Mechanical and Electrical Engineer, C. & 


S. W. Traction Co., Elyria, Ohio. Nov. 20. 1903 
Hrroxawa, Томокісні, Chief Engineer, Kyoto Electric Light Co., Kvoto, 
japan. Dec. 18, 1903 


HinsHrFELD, CLARENCE FLovp, Instructor in Experimental Engineering, 
Cornell University, 64 Sheldon Court, Ithaca, N. Y. Feb. 24, 1905 
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Нїттввотн, L. D., Engineer, Century Electric Co., 18 Second St., San 


Francisco, Cal. July 26, 1900 
HixsoN, CLINTON JEROME, Engineer, British Westinghouse E. & M. Co., 
Ltd., Trafford Park, Manchester, Eng. Nov. 21, 1902 
Ho, HiDETARO, Assistant Professor, College of Engineering, Imperial Uni- 
versity, Tokio, Japan. Mar. 25, 1904 
Нолрівү, GEonGE A., Professor of Physics, Swarthmore College, Swarth- 
more, Pa. May 19, 1903 


Hoac, Geo. M., City Electrician, City of Cleveland, Cleveland, Ohio 
April 28, 1897 
Hoac, STEPHEN Asa, Electric and Hydraulic Engineer, Oregon Short 


Line Railway Co., Salt Lake City, Utah. Dec. 15, 1905 
Hoar, WILLIAM JOHN, Engineering Department, American Telephone and 
Telegraph Co., 15 Dey St., New York City. Oct. 28, 1904 
HoBBLE, ARTHUR Casson, Cauvery Falls Power, Scheme Livasamudram 
Mysore Prov., India. Mar. 27, 1903 
Новвѕ, Henry Wesster, Electrical Engineer, U. S. Engineers’ Office, 
Portland, Me. Mar. 24, 1905 
Hosein, CHARLES Aucustus, JR., Electrical Department, United Rail- 
ways Co., St. Louis, Mo. June 19, 1903 
Норсе, CHarves, Salesman, Westinghouse E. & М. Co.; res., 6334 Howe 
St. Pittsburg, Pa. Mar. 28, 1902 
Норсе, RoBERT WALTER, Prest. Hodge- Walsh Elec. Eng'g Co.; res., 3528 
Central St., Kansas Citv, Mo. Jan. 23, 1903 
Норсе, SETH EVANS, Engineering Department, Bullock Electric Mfg. Co., 
Cincinnati, О. June 19, 1903 
Норсеѕ, Georce Hanwoop, Electrical Engineer, The New York Tele- 
phone Co., 15 Dey St., New York City. Apr. 23, 1903 


Hopces, У/пллАМ Lemmon, General Manager, Georgia Mfg. & Con- 
struction Co., 1420 Empire Bldg., Atlanta, Ga. Apr. 26, 1901 


Норскімѕом, Francis, Mechanical Engineer, The Westinghouse Machine 


Co., East Pittsburg, Pa. May 20, 1902 
Норсѕом, Ceci, Electrical Engineer with Stephens & Tyler, 960 Monad- 
nock Block, Chicago. Sept. 26, 1902 
Hopcson, }о$ЕРН Ernest, Engineer, United Gas Improvement Co., 
Philadelphia, Pa. Apr. 23, 1903 
HOEPTMANN, ALEXANDER O., Superintendent of Electric Cable Works, 
American Steel and Wire Co., Worcester, Mass. May 19, 1903 
Horrman, WiLLiAM Levi, Electrical Engineer, Columbia Improvement 
Co.; res., 404 No. G St., Tacoma, Wash. Oct. 23, 1903 
HorrMann, BERNHARD, New York Telephone Co., 15 Dey St., New York 
Citv. Nov, 23, 1898 


HorrMan, FRANK, Electrical Engineer, Owl Creek, Mo. Sept. 25, 1903 
Hormax, Lovis. Chief Engineer, Wessell, Nickel & Gross, 457 W. 45th 


St.. New York City. Mar. 27, 1903 
HOFFMEISTER, FREDERICK, Erecting Engineer, Canadian General Elec- 
tric Co., 14 East King St., Toronto, Ont. July 28, 1905 
Hocan, CHARLES WILLIAM, St. Mary's Incandescent Lamp Co.. St. Marv's, 
Pa. Mar. 28, 1902 
Hocan. Tuomas JEFFERSON, N. Y. Electric Installation Co.; res., 56 W. 
26th St., New York City. Sept. 25, 1903 
Hoce. CHARLES Epwarn, Acting Foreman of Testing Department, The 
Edison Electric Co., Los Angeles, Cal. Sept. 25, 1903 


Hor BERTON, Georce C., General Supt., Electric Dept., Oakland Gas 
Light and Heat Co:, 13th & Clay Sts., Oakland, Cak May 15, 1894 
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HOLBROOK, FREDERICK MONTGOMERY, Electrical Engineer, Crocker- 
Wheeler Co., Old Colony Building, Chicago, Ш. Sept. 27, 1901 


Ногсомв, ЕссемЕ, Manager Foreign Department, Allis-Chalmers Co., 


Milwaukee, Wis. July 28, 1903 
Ногрем. EpcAR B., JR.. Constructing Engineer, General Electric Co., 
Niagara Falls, N. Y.; res., Albany, N. Y. Sept. 25, 1903 
HorpnEGE, Henry Atkinson, General Manager, Omaha Electric Light 
& Power Co., N. Y. Life Bldg., Omaha, Neb. Sept. 25, 1903 
Horrapav,. Lewis LiTrTtEPAGE, Adj. Professor Appl. Math., University 
of Va., University Sta., Charlottesville. Va. Мгу 15, 1905 
HorLtAND, NEWMAN Henry, Telephone Engineer, Western Electric Co., 
259 So. Clinton St., Chicago, Ill. Apr. 22, 1904 


HorLAND, WALTER E., Experimenter at Edison Laboratory, Orange, N.J 
Aug. 17, 1904 

HorLEv, Cart Hiram, Chief Engineer, The Mt. Whitney Power Co. 
Brown Building, Visalia, Cal. Sept. 26, 1902 
HorLIiNs, GEoRGE Grunpy, J.G. White & Co., 43 Exchange Place, New 
York City; res., 324 Union Ave., Elizabeth, N. J. Mar. 27, 1903 
Horros, JosEPH, Technical Counselor, Ministry of Commerce, Budapest, 


Austria-Hungary. May 19, 1903 
Horman, СЕОЕСЕ ULvssEs Grant, Engineer, 180 Broadway, New York 
Cit y. Apr. 25, 1902 
HOLMGREN. GUSTAF, Electrical Designer, Allmanna Svenska Elektriska 
Akticbolaget, Elektriska, Westeras, Sweden. Mar. 24, 1905 
HorMs5REN, TonsTEN, Partner and Chief Engineer, Regeringsgatan 38, 
Stockholm, Sweden. Aug. 17, 1904 
Horsr, ENGELHARDT WiLBOREN, Superintendent, Old Colony Street 
Railway Co., Brockton, Mass. June 14, 1905 
Нот, MARMADUKE BURRELL, Mining and Electrical Engineer, Silverton, 
Colo. Apr. 15, 1890 
HoLTBY, ALFRED CHARLES, Consulting Electrical Engineer, S. Newman 
& Co., Johannesburg, S. À. Aug. 17, 1904 
HorrmzER, Cus. Wm., President Holtzer-Cabot Electric Co., Brookline, 
(Life Memb.r.] Mass. May 21, 1901 
Horz, Отто, Engineer, General Electric Co.; теѕ., 417 Rugby Road, 
Schenectady, М. Ү. Nov. 24, 1905 
HoMMEL, Lupwic, with The О. Hommel Со:, 110 Market St., Pittsburg, 
Pa. Jan. 20, 1897? 


Hooper, GeorGk HEBERTON, JR., 25 W. 03d St., New York Citv. 
Aug. 25, 1905 
Hooper, James KiMBALL, Asst. Manager, Heating Dept., Edison Electric 
Il anminating Co., 360 Pearl St., Brooklyn, N. Y. July 19, 1904 


HoorEs, WiLLIAM, Electrical Engineer, Pittsburg Reduction Co., Pitts- 


bury, Pa. Aug. 17, 1904 
Hope, Harry Mitrorn, Electrical Engineer, North Shore Electric Co., 
1619 Orrington Ave., Evanston, Ill. Apr. 23, 1903 
HopPEwELL, Cuas. F. Fire Alarm and Police Telegraph, City of Cam- 
bridge, City Hall; res., Cambridgeport, Mass. Aug. 13, 1897 
Hopkins, Nevit Monroe, M.S., Professor of Electrochemistry, George 
Washington University, Washington, D. C. Nov. 20, 1895 


Hopkins, N. S., Consulting Engineer, Williamsville, N. Y. Apr. 27, 1898 
Hopkins, ROBERT MILNE, Alburger Condenser Co., 95 Liberty St., New 

York City. Nov. 20, 1903 
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Hopkins, Ropert S., National Electric Co., 135 Broadway, New York 
City. uly 28, 1903 


Hopton, WALTER EpwIn, Solway Process Co., Syracuse, N. Y. 
Apr. 26, 1901 
Horn, Hanorp J., E.E., Assistant Superintendent Bare Wire Department, 
John A. Roebling’s Sons’ Co., Trenton, N. J. Mar. 22, 1899 
Норме, SANDFORD HENRY, Manager and Engineer, Independent Electric 
Construction Co., 31 Second St., San Francisco, Cal. Mar. 25, 1904 
HonNER, LEONARD SHERMAN, Representative, Crocker-Wheeler Co., 42 
Church St., New Haven, Conn. June 15, 1904 


Horninc, WaLTER R., Electrical Engineer, Williams Telephone and 
Supply Co.; res., 716 Hough Ave., Cleveland, O. July 28, 1905 


Horry, \ЎпллАМ Smitu, Electrician Union Carbide Co., Niagara Falls, 
N. Y. Dec. 19, 1902 
Horton, Harry Mac, Chief Assistant, American de Forest Wireless 
Telegraph Co., 42 Broadway, New York City. Jan. 27, 1905 
Hosxins, WALTER S., Salesman, Kilbourne & Clark Co.; res., 1428 21st 
Ave., Seattle, Wash. Aug. 25, 1905 
Hotson, ALEXANDER Denis, Electrician, British Columbia Electric Rail- 
way Co.; res., 976 Burrard St., Vancouver, B. C. May 15,1905 
Ноосн, BENJAMIN Kenr, Electrical Engineer, Mayer & England Co., 85 
Liberty St., New York City; res., Westfield, N. J. Арг. 25, 1902 
House, R. Morton, Electrical Engineer, Westinghouse Electric and Mfg. 
Co., 542 Main St., Niagara Falls, N. Y. June 14, 1905 
HouskEEPER, WILLIAM GiBBons, 403 Pitt St., Wilkinsburg, Pa. 
Nov. 24, 1905 
Носк, Ворогрн J., 2d Assistant Elec. Operator, Manhattan Railway 


Co.; res., 129 W. 67th St., New York City. Mar. 27, 1903 
HovLANp, Ore C., Automatic Telephone Switchboard Inspector, The 
Automatic Electric Co., Chicago, Ill. May. 19, 1903 


Howarn, BENJAMIN C., Assistant to Secretary, Consolidated Gas,Elec- 
tric Light and Power Co., Baltimore; res., Rider, Md. Mar. 24, 1905 


Howarn, Ernest Grant, Electrical Engineer, Coffin Valve Mfg. Co., 


Nepoasct Mass. Apr. 23, 1903 
Howe, JAMES CARLETON, Manager Missouri & Kansas Telephone Со., 
St. Joseph, Mo. Dec. 19, 1902 


Howe, Winturop Keitn, Chief Engineer, General Railway Signal Co., 
1738 Elmwood Ave., Buffalo, N. Y. Mar. 22, 1901 


Howe tt, CECIL AsHBROOKE, 419 S. Alvarado St., Los Angeles, Cal. 
May 17, 1904 


HoweLL, Davin Janney, Sccretary-Treasurer and Manager, Welch 


Water, Light and Power Co., Washington, D.C. Sept. 25, 1903 
Howe tt, GEoncE D., Engineer in charge, Lake Erie Traction Co.: res., 
1231 S. 58th St., Philadelphia, Pa. | Мау 17, 1904 
Howes, Rosert, First Assistant General Manager, Great Northern R-'!- 
way, Dulutn, Minn. Jan. 25, 1901 
Howson, Нсвевт, Patent Lawyer, 38 Park Row, New York City. 
June 8, 1887 
Hoxie, Georce L., 45 Broadway, New York City. Feb. 28, 1901 
Hoxie, HarL FARRINGTON, Electrical Engineer, 120 Broadwav, New 
.. York City. Oct. 24. 1902 
Hoyt, Harry CAMPBELL, General Electric Co.; геѕ., 520 Summit Ave, 
Schenectady, N. Y. June 19, 1903 
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HuBBARD, ALBERT S., Chief Engineer, Gould Storage Battery Co., 1 W. 


34th St., New York City. Nov. 20, 1895 
HuBBARD, CHESTER DiMock, Electrical Engineer, Electric Storage Bat- 
tery Co., Philadelphia, Pa. Apr. 28, 1905 
Husss, pon H., United Gas Improvement Co., Broad and Arch Sts., 
Philadelphia, Pa. Jan. 27. 1905 
HusrecutT, Dr. H. F. R., Director, Nederlandsche Bell Telephone Co., 
Amsterdam, Holland. Oct. 4, 1887 
Hupcson, Joun Howarp, Draftsman, 2123 4th Ave., Seattle, Wash. 
Dec. 18, 1903 
Hupson, Harry Pratt, Testing Department, General Electric Co.; 
res., 229 Liberty St., Schenectady, N. Y. Sept. 26,1902 


Нові, FREDERICK WiLLIAM, Asst. in Engineering Laboratories, Univer- 
sity of Wisconsin; res., 115 State St., Madison, Wis. Dec. 18, 1903 


HurrMan, Jonn C., Electrical Engineer, 28 E. 44th PL, Chicago, Ill. 
Feb. 24, 1905 


Hutt, MARMADUKE Curtis, Contracting Agent, The Columbus Edison 


Co.; res., 332 W. 6th Ave., Columbus, Ohio. Mar. 27, 1903 
Hurme, FREDERICK WENDELL, Electrical Engineer, Hotel York. New 
York City. Apr. 22, 1904 
HuMisTON, JOHN Means, The Chicago Telephone Co., 203 Washington 
St.; res., Berwyn, Ill. May 19, 1903 
HuMPHREY, CaLviN B., Office Manager, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Apr. 25, 1902 
HUMPHREY, CLIFFORD WANE, Engineer, The Denver Gas and Electric Со. ; 
res., 405 17th St., Denver, Colo. Mar. 27, 1903 
Humpureys, C. J. R., Humphreys and Glasgow, 31 Nassau St.. New York 
City. Sept. 6, 1887 
Hunt, ARTHUR L., Harrisburg Foundry and Machine Works, 114 Liberty 
St., New York City. Sept. 19, 1894 
Hunt, CHARLES WALLACE, President, C. W. Hunt Co., 45 Broadway, New 
York City. Apr. 25, 1902 
Hunt, Евер L., Construction Department, General Electric Co., Boston; 
res., 80 Elm St., Jamaica Plain, Mass. Apr. 28, 1905 
Hunt, RoBERT G., Treasurer and Manager, San Diego Consolidated Gas 
& Electric Co., San Diego, Cal. Sept. 22, 1905 
Номт, SAMUEL PARKER, Electrical Engineer, 747 Union St.. Manchester, 
[Life Member] N. Н. Apr. 23, 1903 
Hunt, WALTER SIMEON, 21 Upper Hamilton Terrace, London S. W., Eng. 
Apr. 23, 1903 

HUNTER, CHARLES FREDERICK, Repair man, N. Y. Edison Co., 117 W. 
39th St., New York City. Mav 15, 1905 
lvNTER, Mapone C., Electrical Engineer, St. Joseph R. R. Light, Heat 
& Power Co., St. Joseph, Mo. Sept. 26. 1902 
HuntLeyY, Cuas. R., General Manager, Buffalo General Electric Co., 40 
Court St., Buffalo, N. Y. Sept. 25. 1895 
HvRLBERT, FRANCIS WvMoNp, Foreign Dept., General Electric Co., 44 
Broad St., New York City. July 19, 1904 
Hussey, RarprH GoopRicH, Master Electrician, Artillery Corps, U. S. 
Army, Fort Adams, Newport, R. I. Nov. 25, 1904 
Hussey, RicHARD Byron, Assistant Engineer, General Electric Co., West 
Lynn, Mass. Mar. 24, 1905 
Huston, SAMUEL, 652 Case Ave., Cleveland, О. Oct. 23, 1903 
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Нотснімсѕ, JaMES TvLERn, Electrical Engineer Assistant, Rochester Rail- 


way and Light Co., Rochester, N. Y. | Apr. 23, 1903 
HUTCHINSON, FREDERICK L., American Institute Electrical Engineers, 95 
Liberty St., New York City. June 20, 1894 
Нотснімѕом, Ком WirLiAM, JR., Joseph M. Roman, 1013 Century 
Bldg., Atlanta, Ga. Jan. 3, 1902 

Hutcuison, Harrison D., 1a Primavera No. 4, Tacubaya, Mexico. 
Feb. 24, 1905 


Hyatt, CHARLES Epwarp, Designing Engineer, Crocker-Wheeler Co., 
Ampere; res., 239a Mt. Prospect Ave., Newark, N. J. July 19, 1904 
Hype, Ernest Noyes, Salesman, Е. H. Stewart Electric Co., 35 N. 7th 


St., Philadelphia, Pa. Aug. 25, 1905 

Hype, JAMES СгАкк, Chartered Acct. Trustee and Commissioner, 306 

Merchants’ Bank Chambers, Montreal, Que. Apr. 23, 1903 
Hype, J. E. Hinpon, Patent Lawyer, 120 Broadway, New York City. 

Jan. 24, 1900 

Hyman, WALLACE Munroe, Assistant P. R. Moses; res., 11 E. 80th St., 

New York City. May 17, 1904 


IpELL, FRANK E., Havemeyer Building, 26 Cortlandt St., New York City. 
July 12, 1887 


Iijima, ZENTARO, Electrical Engineer, Iijima Transformer Co., Min- 


ami Shinagawa, Tokyo, Japan. . Jan. 22, 1896 

Incu, SvpNEv RICHARD, Superintendent and Manager, Missoula Light 
and Water Co., Missoula, Mont. Aug. 17, 1904 
INGERSOLL, JOHN Borvanp, Chief Electrical Engineer, Spokane Inland 
Ry. Co., 420 Mohawk Bldg., Spokane, Wash. Dec. 18, 1903 
INsuLL, JosEPH, Assistant, C. C. Chesney, Stanley G. I. Electrical Mfg. 
Co.; res., 46 Bartlett Ave., Pittsfield, Mass. July 28, 1905 
InsuLL, Martin, J., Stanley Electric Mfg. Co., Monadnock Block, 
Chicago, Ill. Nov. 22, 1899 
INSULL, SAMUEL, President, Chicago Edison Co., 139 Adams St., Chicago, 
| Dec. 7, 1886 

Ives, JAMES EDMUND, Assistant Professor of Physics, University of Cin- 
cinnati, Cincinnati, O. Mar. 25, 1904 


IWADARE, KuNIHIKO, Electrician, Nippon Electric dd ud 2 Mita 
Shikokumachi Shibaku, Tokyo, Japan. Sept. 20, 1893 
Jackson, CHARLES, Electrician, La Compaña Industrial de Guadalajara, 


Guadalajara, Mexico. Jan. 29, 1904 
Jackson, Henry Docker [Local Secretary], Electrical Engincer, 83 New- 
bury St., Boston, Mass. Apr. 23, 1903 
Jackson, Рнилр T., Construction Department, New York & New Jersey 
Tel. Co., Newark, N. J. Mar. 25, 1904 
Jackson, Wirtram S., District Superintendent of Lines, J.C. H. & P. 
St. Ry. Co., 16 Tuers Ave., Jersey City, N. J. Mar. 24, 1905 
Jackson, WILLIAM THoMas, Electrical Inspector, Board of Fire Under- 
writers of the Pacific, Butte, Mont. Oct. 27, 1905 
JacosBr, МиллАМ Henry, Electrical Engineer, Westinghouse Electric 
| and Mfg. Co., Pittsburg, Pa. June 14, 1905 
Јлсовѕом, Jurius R., Special Employee, General Electric Co., Schenec- 
tady; res., 310 Almond St., Syracuse, N. Y. Oct. 24, 1902 
Jacosus, Davip ScusNck, Professor Experimental Engineering, Stevens 
Institute of Technology, Hoboken. Sept. 25, 1903 
JAEGER, CHARLES L., Inventor, Electric Recording Ship Apparatus, Lab- 
oratory, 132 Mulberry St., New York, N. Y. Dec. 20, 1893 
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James, Henry Duvarr, B.S., M.E., Engineer, Westinghouse E. & Mfg. 


Co., Pittsburg, Pa. . Nov. 23, 1898 
JAMES, ирок Conway, Iroquois Construction Co., 514 Fidelity Bldg., 
Buffalo, М.Ү. Feb. 27, 1903 
JAMESON, CHARLES SMITH, Assistant Foreman Installation and Meter 
Department, General Electric Co., Lynn, Mass. May 19, 1903 
JANES, CLAUDE Minnis, Erecting Engineer, Stanley Electric Mfg. Co.; 
res., 214 Second St., Pittsueld, Mass. Apr. 23, 1903 
JaNiscH, CHARLES, Chief Engincer, The Siemens & Halske Co.; Siegmunds 
No. 12, Berlin, Ger. Oct. 25, 1901 
Janney, WILLIAM CanBy, Eiectrical Engineer, Iroquois Construction Co.. 
11 Pine St., New York City. June 19, 1903 
Jarcuo, Isaran, Westinghouse E. & M. Co., Pittsburg, Pa. Dec. 18, 1903 
Jaguays, Homer M., 11 Lorne St., Montreal, Р. Q. Dec. 27, 1899 
JAYNE, WaLter G., Meterman, Penna Drug Mfg. Co.; res., 49 So. Grant 
Ave., Columbus, O. May 19, 1903 
JEFFREY, JOHN Rvussev. Assistant General Manager Sales, Bullock 
Electric Mfg. Co., Cincinnati, Ohio. Dec. 19, 1902 


Jerrries, THOMAS InviNG, Stanley Electric Co., Pittsfield, Mass. 
Apr. 23, 1903 
JENKINS, ALEXANDER Tuomas, Field Engineer, Central District and Print- 
ing Telegraph Co., 416 7th Ave., Pittsburg, Pa. Jan. 29, 1904 
JENKINS, JoHN Evan, General Inspector 7th Dist., Western Union Tele- 
graph Co., Hartford, Conn. Mar. 27, 1903 
JENNENS, WALTERS., 431 Thompson St., Ann Arbor, Mich. June 15, 1904 
JENNISON, HERBERT CHANOCK, Assistant in Laboratory, Coe Brass Mfg. 
Co.; res., 33 Mott St., Ansonia, Conn. Apr. 28, 1905 
Jessop, Francis Woopwarp, Superintendent, Electric Controller and 
Supply Co.; res., 261 Genessee Ave., Cleveland, O. Sept. 22, 1905 
Jessup, WARREN CANFIELD, Sales Engineer, Cutter Co., 120 Liberty St., 


New York City. Sept. 25, 1903 
JEwELL. Enpwarp W.. Manager, Jewell Electrical Instrument Co.; res. 
21 Ashland Boulevard, Chicago, Ill. Apr. 23, 1903 


Jewett, FRANK Batpwin, Engineering Dept., A. T. & T. Co, 125 Milk 
St., Boston; res., 96 Wren St., W. Roxbury, Mass. Jan. 23, 1903 
Jewson, FrRanK Kuianr, Telephone Engineer, The Western Electric Co., 
North Woolwich, England. May 19, 1903 
Joprey, ELBERT WEED, Assistant Foreman, General Electric Co., Lynn; 
res., 104 Federal St., Salem, Mass. July 28, 1905 
JOHANN. CHARLES SHEPPARD, Superintendent, Springfield Light and 
Power Co., Springheld, Ohio. Dec. 19, 1902 
Jouns, Errwoop C., Electrician, The United Electric Light & Power Co., 
of N.J.; res., 798 Montgomery St., Jersey City, N.J. Feb. 27, 1903 

Jounson, ALBERT C., Electrician, 234 So. Main St., Stillwater, Mian. 
May 16, 1890 

Jounson, CHARLES Woop, The Shirley, Westmount, Montreal, Que. 


Feb. 27, 1903 
Jounson, Francis Porter, Designing Engineer, Shaw Electric Crane 
| Co., Muskegon, Mich. Mar. 27, 1903 


Jounson, Howarp S., Jeffrey Mfg. Co., 303 Kanawha St., Charleston, 
W. Va. Mar. 22, 1899 


Jounson, Jason A.. Electrician, Niagara Falls Power Co.; res., 544 10th 
St., Niagara Falls, N. Y. Sept. 25, 1903 
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Јонмѕом, Јонм C., Electrician, Westinghouse E. & M. Со.; теѕ., 207 


Cumberland St., Cleveland, Ohio. Sept. 25, 1908 
Јонмѕом, Montcomery Номт, President, Johnson & Morton, 94 Gen^see 
St., Utica, N. Y. Feb. 27, 1903 
Јонмѕом Wattace Crype, Consulting Engineer, Water Power and 
Transmission, Niagara Falls, N. Y. Mar. 22, 1901 
Jounson, Warren S., Johnson Electric Service Co., 153 Michigan St., 
Milwaukee, Wis. Sept. 27, 1901 
Јонмѕом, WoorsEev McA.pine, Electro-Mctallurgist, 7 W. 44th ^St.,,. 
New York City. Mar. 28, 1902 
Jounston, D. McGrecor, Electrical Engineer, Volta Electric Repair 
Works, 86 Adclaide St., Toronto, Canada. Apr. 22, 1904 


Jounston, James EwiNcG, Engineer and Superintendent, Mountain 
Electric Co.; res., 1111 Detroit St., Denver, Colo. Sept. 25, 1903 
Jounston, Jonn Јонҹѕтом Hunter, Mains Superintendent, Glasgow 
Corporation Electric Tramways, Glasgow, Scotland. Mar. 24, 1905 
Јонмѕтом, Ricard Harry, Advertising Manager, White Sewing Machine 


Co., 1402 Broadway, New York City. Oct. 24, 1902 
Јонхѕтом, Tuos. J., Counsel in Patent Causes, 11 Pine St., New York 
City. May 10, 1899 
Jounston, W. J., 120 Liberty St., New York City. Apr. 15, 1884 
Jory, HENRI: Louis, Battery Expert and Chemist, The Electromobile Co., 
Ltd., London, Eng. Feb. 27, 1903 
Јоу, Joun MacCarrvM, Electrical Engineer, Noyes Bros., Samson's 
Building, 75 Barrack St., Perth, Australia. Oct. 24, 1902 
JottyMan, Josian Pickarp, Electrician, California Gas and Electric Cor- 
poration, Cupertino, Cal. Jan. 27, 1905 
Jones, ARTHUR W., General Electric Co., Schenectady, №. Y. 
Oct. 17, 1894 
Jones, Bupp J., Manager Electric Cal. Dept., Cincinnati Gas & Elec. Co.; 
res., Ridgeway Apartments, Cincinnati, Ohno. June 15, 1904 
Jones, Forrest R., Professor of Machine Design, Cornell University, 
Ithaca, N. Y. May 20, 1890 
Jones, G. H., Agent, General Electric Co., Casilla, 1317 Santiago, Chili. 
Apr. 17, 1895 


Jones, Greorce Harvey, Assistant Engineer, Chicago Edison Co., 139 
Adams St.; res., 6531 Woodlawn Ave., Chicago, Ill. Dec. 19, 1902 


Jones, M. E., 7 Lester Ave., Richmond Hill, N. Y. Oct. 27, 1897 
Jones, P. N., Manager, Westinghouse E. & M. Co., 1007 New England 
Building, Cleveland, O. Mar. 25, 1904 
Jones, TuEoponE InsLee, Electrician, N. Y. and N. J. Telephone Co., 
160 Market St., Newark, N. J. Nov. 25, 1904 


Jones, WaLTER J., Consulting Engineer, Sioux Falls, South Dakota. 
May 20, 1902 
JoReENsEN, Lars Rasmus, Draftsman, Abner Doble Co., 1564 Jackson 


St., San Francisco, Cal. Jan 27, 1905 
ЈоѕЕРН, THEODORE HAROLD, Member of firm, E. J. Electric Installation 
Co.; res., 205 W. 138th St., New York City. May 17, 1904 
jJosuiN, ARBA VANDERBURG, Transformer Inspector, Bishop, Cal. 
Oct. 24, 1902 
JOURDAN, FREDERICK MORTON, Supply Agent, General Electric Co.; res., 
28 Atlantic Terrace, Lynn, Mass. Apr. 23, 1903 
JOYNER, ALBERT Henry WinTeER, Electrical Engineer, Stone & Webster, 
84 State St., Boston, Mass. Sept. 26, 1902 
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орон, WM. Pierson, Consulting Engineer, Broadalbin; res., Oswego, 
M. 


June 8, 1887 
Junin, Gustav Aporr, Assistant Electrical Engineer, Dick Kerr & Co., 
Ltd., West Strand Road, Preston, Eng. Oct. 23, 1903 


JUNKERSFELD, PETER. ( Local Honorary Sccy.,) Asst. to Mechanical Engi- 
neer, Chicago Edison Co., 139 Adams St., Chicago, Ill. Oct. 25 1901 


Kaiser, GEoRGE Kar, 546 5th St., Niagara Falls, N. Y. Apr. 28, 1905 
Kaiser, Lovis THEODORE, Chief Engineer, Thomas Emery's Sons, Hotel 
Emery, Cincinnati, O. Apr. 22, 1904 


KALENBORN, ARION CIEGFRIED, Asst. Transmission Engineer, California 
Gas & Elec. Co., 911 Shreve Bldg., San Francisco. Aug. 17, 1904 


KAMMERER, JacosB A., General Agent, The Royal Electric Co.; res., 87 
Jameson Ave., Toronto, Ont. Apr. 28, 1897 


KAPPELLA, ADOLPH SOMERS, Railway Engineering Department, General 
Electric Co.; res., 132 Park Ave., Schenectady, N. Y. Oct. 24, 1902 
KARAPETOFF, VALDIMIR, Asst. Professor of Experimental E. Engineering, 


Cornell University, Ithaca, N. Y. Feb. 27, 1903 
Kearny, Puitip Jonn, Westinghouse Electric and Mfg. Co., 716 Board 
of Trade Bldg., Boston, Mass. Jan. 27, 1905 


KEBLER, LEONARD, Inspector, Ward Leonard Electric Co., Bronxville, 
4 Aug. 17, 1904 
KEDNEY, Lynn, STEINFORT, Electrician in charge of Power House, The 


Jalapa Railroad and Power Co., Jalapa, Mexico. May 19, 1903 
KEEPER, EpwiN S.. Supt. of Electric Light Construction, Western 
Electric Co., 463 West St., New York Cit v. Apr. 18, 1894 
KEELER, IRVING PHELPS, Superintendent of Power and Construction, 
Asheville Electric Co., Asheville, N. C. Nov. 20, 1903 
КЕНОЕ, MicuaEr J., Chief Electrician, Fort Wayne and Wabash Valley 
Traction Co., Fort Wayne, Ind. Aug. 25, 1905 
Kerey, Joun D., Asst. Electrical Engineer, М. Y. C & Н. В. R. В. 5 
Vanderbilt Ave., New York City. July 25, 1902 
KEILHOLTz, P. O., Chief Engineer, United Electric Light and Power Co., 
30 So. Eutaw St., Baltimore, Md. Mar. 21, 1893 
Keiry, WitLLiAM EvGENE, Managing Editor, Western Electrician, 510 
Marquette Bldg., Chicago, HI. Jan. 29, 1904 
KELLER, ARTHUR, 49 Klaus Str., Zurich, Switzerland. Mar. 25, 1904 


KELLER, Cart A., Chicago Edison Co., 139 Adams St., Chicago, Ill. 
Sept. 27, 1901 
KELLER, E. E., Vice-president and General Manager, Westinghouse 
Machine Co., Pittsburg, Pa. Sept. 20, 1893 
KELLEY, FREDERICK WILLIAMS, Vice-President and General Manager, 
Helderberg Cement Co., 78 State St., Albany, N. Y. Nov. 24, 1905 
KELLEY, WALTER StuaPt, Electrical Engineer, Narragansett E. L. Co., 


170 Westminster St., Providence, К. I. Oct. 28, 1904 
KELLOGG, James GiFrorn, Student, Cornell University; res., Sigma Phi 
Place, Ithaca, N. Y. Nov. 20, 1903 
KELLOGG, James W., M.E., Manager Marine Sales, General Electric Со. ; 
res., 10 Front St., Schenectady, N. Y. June 26, 1891 


KELLY, JouN WeksLEv. JR., Superintendent of Equipment Keystone 
Telephone Co., 135 South 2d St., Philadelphia, Pa. Dec. 18, 1903 
KELLY, THomas Francis, Master Mechanic, Washington Water Power 


Co., Spokane, Wash. Dec. 18, 1903 
KrErsav, G. H., Superintendent Power, Indiana Union Traction Co, 
Anderson, lll. Aug. 25, 1905 
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KeLsey, JAMES CEZANNE, Purdue University, Lafayette, Ind. 


| Nov. 23, 1900 
KENNEDY, A. P., Electrical Engineer, Yates, Tallapoosa Co., Ala. 
[Lite Member.] Apr. 26, 1899 


KENNEDY, JOSEPH B., Wirt Electric Co., 15 Cortlandt St., New York City. 
Aug. 25, 1905 


KENNEDY, MaTTHEW G., Union Gas Improvement Co., Broad and Arch 


Sts.; res., 626 So. 19th St., Philadelphia, Pa. Apr. 28, 1905 
Kent, JAMES, Salesman, Fort Wayne Electric Works, 518 Exchange 
ldg., Boston, Mass. Dec. 23, 1904 

KENT, JAMES MARTIN, Instructor in Steam and Electricity, Manual Train- 
ing High School, Kansas City, Mo. July 26,,1900 
KENvoN, ALAN Doucras, Patent Counsel, Kenyon and Kenyon, 49 Wall 
St.; res., 351 W. 114th St., New York City. Apr. 22, 1904 
Kenyon, WiLLiAM Houston, Patent Lawyer, 49 Wall St.; res., 321 W. 
82d St., New York City. Apr. 22, 1904 

Ker, W. WALLACE, Instructor of Electricity, Hebrew Technical Institute, 
36 Stuyvesant St., New York City. Sept. 25, 1895 
KERN, Oscar FREDERICK, Station Attendant, Mt. Whitney Power Со. 
Three Rivers, Cal. July 19, 1904 


KERN, WALTER Everett, Inspector, Electrical Department, District of 
Columbia ; res., 20 R St., N. W., Washington, D. C. Apr. 28, 1905 
Kernot. WirrFRID Noyce, Instructor, Technical College, Latrobe St., 
Melbourne, Australia. Feb. 24, 1905 
KEnR, SAMUEL Ross, 1522 Ist Nat. Bank Bldg., Chicago, Ill. Jan. 3, 1902 


KERSHNER, JEFFERSON E., Consulting Engineer, The Lancaster County 
R. & L. Co., 445 W. Chestnut St., Lancaster, Pa. Jan. 3, 190z 


KETCHAM, JOHN Bryant, Branch Manager, New York Edison Co., 207 
Greene St.; res., 4196 Park Ave., New York City. Apr. 23, 1903 


KETTERING, CHARLES FRANKLIN, Director of Electrical Inventions, Na- 


tional Cash Register Co., Dayton, O. June 15, 1904 
Keyes, CrirT Button, Erecting Engineer, General Electric Co., Schen- 
ectady, N. Y. July 28, 1903 
Kipper, Lee Hosart, Construction Department, Westinghouse Electric 
and Mfg. Co., Warren, Pa. Oct. 28, 1904 
KippLE, ALFRED W., Partner, Redding, Kiddle and Greeley; res., 314 
West 98th St., New York City. Jan. 27, 1905 
KIEFER, CARL Jackson, Avondale, Cincinnati, Ohio. Aug. 17, 1904 


KIER, SAMUEL MARTIN, Electrical Engineering mee Westinghouse E. & 
M. Co.; res., 5820 Callowhill St., Pittsburg, Pa. Jan. 24, 1902 


KILBOURNE, CoviNGTON Guion, Student, Columbia University; res., 357 


West 115th St., New York City. | Мат. 24, 1905 
KIMBALL, FRED Mason, Manager, Small Motor Department, General 
Electric Co., 84 State St., Boston, Mass. Apr. 23, 1903 
KIMBALL, Rocer NE son, Vice-president and Supt., Kenosha Gas and 
Electric Co., 210 Wisconsin St., Kenosha, Wis. Nov. 20, 1903 
KiNG, ARTHUR CHARLES, Engineer Northern Electric Mfg. Co., Madison, 
Wis. Nov. 20, 1903 
Kinc, Epwarp Dennison, Chief Operator, Ontario Power Co., Niagara 
Falls South, Ont. Sept. 22, 1905 
Kinc, Harry DeGo.ier, Supt., Public Service Corporation of N. J., 
14th and Bloomfield Sts., Hoboken, N. J. July 19, 1904 
Kine, Harry К. (Local Secretary], Electrical Engineer, Western Electric 
Co., Hawthorn; res., Hinsdale, Ill. Nov. 22, 1901 
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Kine, R. O., 32 Church St.; res., 503 Markham St., Toronto, Ont. 
Sept. 26, 1903 


KINNECOM, FRED OnRniN, General Manager, Electrical Department, 


Charles 5. Bush Co., Providence, К. 1. May 19, 1903 
KINNEY, CLARENCE WALTER, Electrical Engineer, Page Electric Co., 24 
Pearl St.; res., Olean St., Worcester, Mass. Feb. 24. 1905 
KINNEY, FRANK FaiRCHiLD, Engineer Testing Laboratory, Chicago 
Edison Co., 76 Market St., Chicago, Ill. Apr. 25, 1905 
KINSELL, WiLLIAM LEoNARD, Mechanicaland Electrical Engineer, Chi- 
cago Great Western Railway, St. Paul, Minn. Dec. 18, 1903 
KINSLEY, CaRL, Assistant Professor of Physics, University of Chicago, 
Chicago, Ill. May 18, 1597 
KINTNER, CHARLES JACOB, Solicitor of Patents and Expert, 45 Broadway; 
res., 36 E. 29th St., New York City. Feb. 28, 1902 
KIRKER, GAYLORD, BRENNAN, Societé Anonyme Westinghouse; res., 2 
Boulevard Sadi Carnot, Lé Havre, France. Oct. 23, 1903 


KIRKER, HARRY LEPPER, Westinghouse E. &. M. Co., Pittsburg, Pa. 
Feb. 27, 1903 
KissAM, WiLMoT Henry, Electrical Engineer, Brown Hoisting Machine 


Co.; res., The Ellington, Cleveland, Ohio. July 28, 1903 
Kisui, KErjrno, Chief Engineer, Shibaura Engineering Works No. 1, Shin- 
hamacho, Kanosuyi Shibaku, Tokyo, Japan. Dec. 18, 1903 
KirTLER, Dr. Erasmus, Professor at the Technical High School, Darm- 
stadt, Germany. Dec. 16, 1896 
KLAUDER, RcvpborrH H., Electrical Engineer, Crocker-Wheeler Co., 
Ampere, №. J. Aug. 13, 1897 
KLEIN, RicHaRD M., Electrical Expert Bureau of Equipment, Navy 
Department, Washington, D. С. July 28, 1903 


KriNCK, J. Henry, Commercial Engineer, Industrial & Power Dept.. 
Westinghouse Electric & Mfg. Co., Pittsburg, Pa. Jan. 16, 1895 
Кі1мЕ, JAMES JOSEPH, Engineer, Stanley G. I. Mfg. Co., 1543 Monad- 
поск block, Chicago, Ш. Jan. 3, 1902 
KriPPHAHN, Emit Oswarp Ernest, California Gas and Electric Corpora- 
tion, Nimshew, Cal. Apr. 23, 1903 
Кіоск, Raymonp A., Assistant Electrical Engineer, the U. S. Signal 
Corps, Signal Office, Washington, D. C. Mar. 27, 1903 
Kroman, THEODORE W., Manager and Treasurer, The John F. Kelly 
Engineering Co., 149 Broadway, New York City. June 19, 1903 
KLuMPpr, Joun BARTLEMAN, Inspecting Engineer, The United Gas Im- 


provement Co., Philadelphia, Pa. Dec. 19, 1902 
Kney, Отто. Manager Advertising Department, Northern Electrical Mfg. 
Co.; res., 128 Е. Johnson St., Madison, Wis. July 28, 1905 


KNIGHT, CHARLES D., General Electric Co., Schenectady, N. Y. 
May 15, 1905 
KNiGHT, Cart DuNHAM, Instructor, Worcester Polytechnic Institute, 


Worcester, Mass. Nov. 24, 1905 
KNIGHT, Crimpson Moore, General Manager, Idanha Machine Co., 
Whitehall Bldg., New York City Apr. 23, 1903 


KNIGHT, Percy Henry, 515 Jeanette St., Wilkinsburg, Pa. Mar. 28, 1902 
KNIGHT, SEYMOUR, Designer, Sanderson & Porter, 52 William St., New 


York City. Mav 19, 1903 
KNIGHT, THOMAS SAWYER, Erecting Engineer, Stanley Electric Mfg. Co.; 
res., 39 Dalton Ave., Pittstield, Mass. Mar. 24, 1905 
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Knipp, CHARLES Tonias, Assistant Professor of Physics, University of 


Illinois; res., 502 W. Illinois St., Urbana, Ш. Dec. 15, 1905 
KNOWLTON, FREDERICA Kirk, Secretary, Knowlton and Beach Co., 
Rochester, N. Y. Dec. 19, 1902 


Knox, Frank H., Engineer, 811 Lewis Building, Pittsburg, Pa, 
june 20. 1894 
Knox, Geo. W., President, Knox Engineering Co., 1409 Fisher Building, 


Chicago, IH. Nov. 18, 1896 
Knox, Harry HaMILTON, Electrical Engineer, John J. Ѕеѕпол Co., Nome, 
Alaska. Jan. 27, 1905 
Knox, S. L. G., Manager and Chief Engineer, Bucyrus Co., South Mil- 
waukee, Wis. Nov. 23, 1898 


KopjsBanorF, Ваѕти, GEeoncE, Illuminating Engineer, Benjamin Electric 
Mfg. Co.; геѕ., 14 W. 107th St., New York City. May 17, 1904 


KODAMA, HA YADZUEHE Chief Engineer, Tokyo Electric Ry., 33 Uchis- 


auvaicho Kojimachekn, Tokyo, Japan. July 25, 1902 
Косі, Torajiro, Consulting Engineer, Kurumaya-Cho, Nijo, Kvoto, 
Janan. June 19, 1903 
KOHLER, ALBERT ЈоѕерНн, Chief Engineer, Lynchburg Traction and Light 
Co., 601 Church St., Lynchburg, Va. Aug. 17, 1904 
Коніев, L. FRANK, Student, Columbia University; res., 238 W. 122d St., 
New York City. Nov. 25, 1904 
Конм, Матн ам, Salesman, Allis-Chalmers Co., 1611 Chemical Bldg.. St. 
Louis, Mo. Apr. 28, 1905 


Korner, C. WELLINGTON, 420 Olive St., St. Louis, Mo. Oct. 28, 1904 
Коміѕні, TAMENOSUKE, Investigating Engineer, Shibaura Engineering 


Works, Tokyo, Japan. Sept. 25, 1903 
Korst, PuiriP HAnorp, Secretary and Manager, Janesville Electric Co., 
Janesville, Wis. June 19, 1903 


KousnetzorF, W. A., Mining Engineer, Vladivostock, East Siberia. 
Aug 22, 1902 


KRAMER, XAVIER A., Magnolia Electric Light and Power Co., Magnolia, 


Miss. Aug. 17, 1904 
Krantz, Hupert F., President and Treasurer, Н. Krantz Mfg. Co., 160 
7th St.; res., 610 11110 St., Brooklyn, №. Y. Feb. 26, 1904 


Kratz, ARTHUR Bryson, Meigs Co., Home Tel. Co., Gallipol’s, Ohio. 
Dec. 18, 1903 
KraEuciHt, Jous Aporri, Emerson llectrical Mfg. Co.; res., 1241 Black- 


stone Ave., St. Louis, Mo July 28, 1905 
KREIDLER, W. A., Editor and Puhlisher, Western Electrician, 510 Mar- 
quette Building, Chicago, Ill. Oct. 4, 1887 


KRocER, FRED Hetton, Assistant in Electrical Engineering, Uriversity 
of Colorado; res., 1120 Piae St., Boulder, Colo. Dec. 23, 1904 
Kroun, SIGVALD, Electrical Engineer, Union Elektricitats-Gescllschaft, 


Berlin, Ger. July 28, 1903 
Kruesi, Avcust H., Designing Engineer, General Electric Co.; res., 16 
Union St., Schenectady, N. Y. Jan. 9, 1901 
Krvuesi, PAuL Joun, Manufacturer, Secretary and Treasurer, American 
Lava Co., Chattanooga, Tenn. Oct. 25, 1901 
KuBIERSCHKY, MARTIN TRAvGOTT AvuGUsST, Street Railway Director, 
Berlin W. 30 Habsburgerstr 11, Ger. Dec. 18, 1903 
Kunze, RuporpPH IL, Electrical Engineer, Otis Elevator Co.; res., 17 
Culver St., Yonkers, N. Y. Nov. 20, 1903 
KvNocH, James, Chief Engineer, Canadian General Electric Co., 14 King 
St. E., Toronto, Ont. Apr. 23, 1903 
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LacouNT. HENRY Оѕсоор, Electrical Inspector, Mutual Fire Insurance 


Co., Boston, Mass. Feb. 24, 1905 
La Fever. CuaRrLES A., Assistant Superintendent and Electrical Engineer, 
Advance Thresher Co., Battle Creek, Mich. Sept. 25, 1903 
Larore, Joun ARMAND, Electrical Engineer, 119 So. 11th St.; res., Bala. 
Pa. May 15, 1900 
лп, WALTER, Erecting Engineer, Triumph Electric Со.; res, 415 
Fairview Ave., Cincinnati, Ohio. Apr. 23, 1903 
LAKE, EpwanRp N., Engineer, The Arnold Co., 528 La Salle Ave., Chi- 
cago, Ill. Apr. 23, 1903 
LAMB, RicuaRp, Chief Engineer, Brooklyn Dock and Terminal Co., 136 
Liberty St., New York City. Dec. 18, 1895 
LAMME, WILLIAM FENNER, Construction Department, Westinghouse E. & 
M. Co., San Francisco, Cal. May 17, 1904 
Lann, Frank, M.E., 909 James St., Syracuse, N. Y. Sept. 22, 1891 
LANDERS, GEORGE FoREMAN, Captain Artillery Corps, Fort Hamilton, 
N. Y. Nov. 20, 1903 
LANG, ARTHUR GoRDoN, American Telephone & Telegraph Co.; res., 400 
West 117th St., New York City. Sept. 25. 1903 
Lanc, Epmunp, Purchasing Agent, Wheeler Condenser and Engineering 
Co., 42 Broadway, New York City. Feb. 27, 1903 
Lanc, GEorGE STUART, Engineer, Electric Storage Battery Co., Allegheny 
Ave. and 19th St., Frniladelphia, Pa. Jan. 23, 1903 
LANGAN, JOHN, Salesman, Okonite Co., 253 Broadway, New York City. 
July 19, 1904 
LaNGsDORF, ALEXANDER Suss [Local Secretary], Prof. Elec. Eng'g, Wash- 
ington University, St. Louis, Mo. Jan. 23, 1903 
LaNGwoRTHY, Ross ANDREW, Draughtsman, American Automatic Switch 
Co., New York City. Aug. 25, 1905 


LANIER, ALEXANDER CARTWRIGHT, Instructor, наев Cincinnati, 
Cincinnati, O. Mar. 25, 1904 
Lanman, WitttamM H., Board of Patent Control, 120 Broadway, New 


York City. June 6, 1893 
LANPHIER, ROBERT Carr, Superintendent and Electrician, Sangamo 
Electric Co., Springfield, Ill. Nov. 22, 1901 
LANSINGH, Van RENSSELAER, Electrical Engineer, 227 Fulton St., New 
York City. Aug. 23, 1899 
LANSLEY, WirLtiAM J., General Manager, Hudson & Middlesex Tele- 
phone Co., Woodbridge, N. J. Apr. 23, 1903 
LARKE, WILLIAM JAMES. Manager, Power and Mining Dept., British 
Thomson-Houston Co., Ltd., Rugby, Eny. Sept. 25, 1903 


Larey, Henry NEvson, Assistant Electrical Engineer, Interborough 
Rapid Transit Co., 13 Park Row, New York City. June 15, 1904 
LATHAM, Harry Mitton, With American Steel and Wire Co., Worcester, 


Mass. Dec. 16, 1896 
Latour, Marius CHARLES ARTHUR, Electrical Engineer, 22 Rue de 
Vocqueville, Paris, France. June 19, 1903 
Latta, Epwarp DitwortH, JR., Superintendent, Charlotte Electric Rail- 
way Light and Power Co., Charlotte, N. С. July 28, 1905 
DATA. Epwarp, Associate Professor of Physics, University of 
North Carolina, Chapel Hill, N. C. Aug. 25. 1905 
LAUBERSTEIN, JACOB ALEXANDER. Engineering Department, Stanley In- 
strument Co., Great Barrington, Mass. Apr. 28, 1905 
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Launig-WaALKER Georce Livincston, Engineering Apprentice, Westing- 


house Electric and Mfg. Co., Pittsburg, Pa. May 19, 1903 
LAVERGNF, JEAN, Technical Director, Cantono Electric Tractor Co., 
.. Boyden and Nassau Sts., Newark, N. J. к Јап. 29, 1904 
LaAwLER, Justus CLaupg, Assistant, Colorado Springs Electric Co., 107 
East Kiowa, Colorado Springs, Colo. Dec. 18, 1903 
Lawrence, RALPH ResrIEAUX, Assistant Professor E. E., Massachusetts 
Institute of Technology, Boston. Mass. May 15, 1905 
Lawrence, WM. G., Manager of Light and Power Department, Town of 
Hudson, Hudson, Mass. Feb. 28, 1900 


Lawrence, W. H., Assistant Supenntendent, Waterside Station, The 
N. Y. Edison Co., 38th St. & Isc. Ave., New York. Apr. 26, 1899 


Lawson, GEORGE, Student, Cornell University; res., 113 De Witt Pl, 
Ithaca, N. Y. Nov. 24, 1905 


Lawson, JAMES T., Assistant to Superintendent United Electric Co., of 
New Jersey, 14th and Bloomfield Sts., Hoboken, N.J. Aug. 22, 1902 


LaAwToN, ARTHUR HAMILTON, Assistant Electrical Engineer, New York 


Edison Co., 55 Duane St., New York City. May 19, 1903 
LaAwToN, EpwiN FRANKLIN, Superintendent, Hartford Electric Light Co., 
res., 43 Dcerfield Ave., Hartford, Conn. Sept. 25, 1903 
LaAwToN, Francis N., Manager, Huntsville Railway and Light Co., 
Huntsv ille, Ala. May 19, 1903 
LAwTON, JOHN Henry, Instructor, Iowa State College, Ames, lowa. 
June 15, 1904 
Laxton, FRED MITCHELL, Electrical Mfg. & Equipment Co., Atlanta, Ga. 
X. Mar. 25, 1904 
LaxToN, КліРН Roserts, Pascagoula St. Кайта and Power Co., Scran- 
ton, Miss. Mar. 25, 1904 
Layton, Gorpon, Electrical Engineer, British Westinghouse E. & M. Co.; 
Trafford Park, Manchester, Eng. Jan. 3, 1902: 


Lea, Epwanp S., Sales Manager, DeLaval Steam Turbine Co., Trenton, 
N. J. May 17, 1904 
Lear, JOHN Emery, Department of Physics, Agricultural & Mechanical 


College of Texas, College Station, Tex. Apr. 23, 1903 
LEARY, JOHN JosEPH, Electrical Engineer, Marconi Wireless Telegraph 
Co., 27 William St., New York City. Apr. 23, 1903 
LEAVITT, ROBERT PABODY, Electrical Engineer, Albany and Hudson 
Railroad Co., Hudson, N. Y. June 19, 1903 
LEBENBAUM, PauL, Draftsman, Southern Pacific Co.; res., 2775 Clay St., 
San Francisco, Cal. July 19, 1904 
LEBLANC, Maurice, Consulting Electrical Engineer, Westinghouse Elec- 
tric and Mfg. Co., Paris, France. Apr. 25, 1902 
LECLEAR, GIFFORD, Electrica] and Mechanical Engineer, Partner Dens- 
more & LeClear, 15 Exchange St., Boston, Mass. Oct. 27, 1897 
LECONTE, JOSEPH NisBET, Instructor in Mechanical Engineering, State 
University, Berkeley, Cal. Feb. 27, 1895 
Lepoux, A. R., M.S., Ph.D., President of Ledoux & Co. (inc.), 99 John St.; 
res., 39 W. 50th St., 'New York City. Dec. 7, 1886 
LEDERER, WILLIAN, Engineering Department, Chicago Edison Co.; res., 
1113 Lincoln Ave., Chicago, 11. July 28, 1903 
LepwarDb, HucH, Engineer, Dick, Kerr & Co., Ltd., Abchurch Yard, 
Cannon St., London E. C., Eng Jan. 29, 1904 
LEE, ALBERT W., Manager, Coid. Municipal Light Plant, Concord, 
Mass. Apr. 23, 1903 
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LEE, Cuartes EuGene, Engineer and Salesman, Electric Gas Lighting 


Co., 115 Purchase St., Boston, Mass. July 28, 1908 
Lee, JOHN C., Chemist and Electrician, American Telephone and Tele- 
graph Co., 125 Milk St., Boston, Mass. Mar. 18, 1890. 


Lee, Ковевт Милев, Draftsman, U.S. Army Ordnance Office; res., 
| 1905 Pennsylvania Ave., N. W. , Washington, D. C. June 19, 1903 
LEE, WILLIAM S., jR., Chief Engineer, Southern Power Co., Charlotte, 

N. C. May 17, 1904 
LEEps, Morris Evans, President, The Leeds & Northrup Co., 259 North 

Broad St.; res., 3221 N. 17th St., Philadelphia, Pa. Apr. 26, 1901 
LEEDs, Norman, Electrical Engineer, Bridgeport Malleable Iron Co., 


Bridgeport, Conn. Feb. 28, 1901 
LEGRAND, CHARLES, Copper Queen Consolidated Mining Co., 99 John St., 
New York City. Jan. 23, 1903 


Leist, Witt1aM, Member and Constructing Engineer, Jantz and Leist 
' Elec. Co., 808 Elm St., Norwood, Cincinnati, О. Mar. 27, 1903 
LEITCH, Howard WALLACE, Switchboard Regulator, The New York 
Edison Co., 38th St. & First Ave., New York Citv. Nov. 23, 1898 


LrgrrcH, JOHN INGRAM, Manager Albernee Stone Co., 54 N. Clinton St., 
Chicago; res., 307 Davis St., Evanston, III. Feb. 26, 1904 
LEMMON, GEORGE NELMS, Бапаева & Porter, 323 Baronne St., New Ог- 
leans, La. June 15, 1904 
Les.ey, Неси, Engineer, The Electric Storage Battery Co., 19th St. and 
Allegheny Ave, Philadelphia, Pa. Sept. 26, 1902 
LETHEULE, PauL, Electrical Engineer, 37 Rue Taitbout, Par's, France. 
May 17, 1898 
Levy, Fevrx, Engineer, Switchboard Mfg. Co., 24 New Chambers St.; 


res., 166 E. 78th St., New York City. Nov. 25, 1904 
Levy, LEHMAN, Construction Supt., Schwarzschild & Sulzberger Со., 
415% St. and Ashland Ave., Chicago, IN. Apr. 23, 1903 
Lrvy, Max J., Salesman, Edwards & Co., 405 East 144th St., New York 
City. Feb. 26, 1904 


LEWIN, ARTHUR W vNpDitAM, Electrical Inspector, Louisiana Fire Preven- 
tion Bureau, 800 Hibernia Bldg., New Orleans, La. Aug. 25, 1905 

Lewinson, LEONARD JULIAN, 129 E. 95th St., New York City. 
July 19, 1904 

Lewis, EMANUEL WILLIAM, 1320 So. State St., Syracuse, N. Y. 
Nov. 20, 1903 
Lewis, JoserH FRAZIER, Technical Assistant, General Electric Co.; res., 
‚124 Franklin St., Lynn, Mass. Jan. 27, 1905 
Lissy, ALBION Dana Toprirr, Engineer, Dean Electric Со.; res., 230 E. 
8th St., Elvria, О. Feb. 26, 1904 
PH J. CHESTER, ALAN ARTHUR Student, Columbia University: 
, 00 West 129th St., New York City. Jan. 27, 1905 
быны UN ARTHUR Hector, Westinghouse Bldg., Norfolk St., Strand, 
London, Eng. May 19, 1903 
ІлснтніРЕ, WiLLIAM Wirsow, Superintendent, Marine Engine and Ma- 
chine Co., 143 W. 24th St., New York. July 19, 1904 
Ілссетт, WILLIAM KELSEY, Engineer, Kinkade & Liggett Co.. 238 N. 18th 
St., Columbus, O. Feb. 26, 1904 
Ligon, WinLiAM Danie, Electrical Engineer, Westinghouse Electric and 
. Mfg. Co., University Building, Svracuse, N. Y. June 19, 1903 
Litripripce, Ray D., 170 Broadway, New York City. Jan. 24, 1902 
LiNcoLN, FREDERICK H., Supt., Lines and Cables, Philadelphia Rapid 
Transit Co., 820 Dauphin St., Philadelphia, Pa. May 15, 1905 
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LIND, Емпв G., Engineer, Tudor Storage Battery Export Syndicate, 
Milton House, Surrey St., Strand, London, Eng. Feb. 26, 1904 


LiNp, Jonn, Laboratorian, О. S. Navy Yard; res., Parkside and Ocean 


Aves , Brooklyn, N. Y. Jan. 29, 1904 
LINDBERG, Fritz ALBIN, Assistant Electrical Engineer, with George M. 
Brill, 5832 Indiana Ave., Chicago, ІШ. Mar. 25, 1904 
LINDEMANN, PETER, Inspector of Wiring, Interborough Rapid Transit 
Co.; rcs., 200 W. 123d St., New York City. june 14, 1905 
LinpMAN, Gustav, Chief Draftsman, St. Louis Transit Co., St. Louis, 
Mo.; res., Stockholm, Sweden. May 19, 1903 
LiNpQuisT, Davip LEONARD, Otis Elevator Co.; res., 205 Warburton 
Ave., Yonkers, N. Y. Aug. 17, 1904 
Linpsay, Вовевт, General Supt., The Cleveland Elec. Ill. Co., 717 Cuya- 
hoga Building, Cleveland, Ohio. Apr. 27, 1898 
LINDSAY, SHERWOOD COLEMAN, Chief Operating Electrical Engineer, The 
Seattle Electric Co., Seattle, Wash. June 19, 1903 
Linpstrom, ALBERT STEWART, Western Electric Co.; res., 334 Jackson 
Ave., Dallas, Tex. Aug. 17, 1904 
Ілмоѕтвом, Kart Arvin, Electrical Engineer, Kungsholmsgatan 
ldat, Stockholm, Sweden Ja.n. 23, 1903 
LINEBAUGH, FRANK W., Supt. and Manager, Ames Municipal Electric 
Light and Wat :r Works, Ames, lowa. Auy. 17, 1904 


LisBERGER, SYLVAN JosEPH, Electrical Engineer, Oakland Gas, Light 
and Heat Co., Oakland; res., San Francisco, Cal. Мау 15, 1905 
Liste, ARTHUR BEYMER, General Representative, Narragansett Electric 
- Lighting Co., Providence; res., East Greenwich, К. I. Jan. 9, 1901 
LINZEE, ALBERT CaRL, Designing Engineer, Akron Electric Mfg. Co.; 
Akron, Ohio. Feb. 27, 1903 
Littte, C. W. G., Engineering Manager, The British Electric Traction Co., 
Ltd., Donington House, Norfolk St., London, Eng. Apr. 22, 1896 
LITTLE, Joe WirsoN, President, Carter & Gillespie Electric Co., 40 N. 


Broad St.; res., 82 Oak St., Atlanta, Ga. Mar. 25, 1904 
LITTLEFIELD, LEMUEL, JR., Engineering Department, Gould Storage Bat- 
tery Co., 1 W. 34th St., New York City. Jan. 29, 1904 
LIVERS, Joun Leo, Electrical Engineer, Grottoes, Va. Oct. 24, 1902 
LiviNcsTON, Јонмѕтом, JR., The United Engineering and Contracting 
Co., 113 East 22d St., New York City. May 17, 1898 
Livsey, J. H., Salesman and Manager Detroit Office, General Electric Co., 
1440 Majestic Building, Detroit, Mich. Apr. 25, 1900 
'Lrovp, Epwarp WILLIAM, Assistant Superintendent of Construction, 
Chicago Edison Co., 139 Adams St., Chicago. Feb. 28, 1902 
Lioyp, ЖпллАМ Jonn, Engineer of Instrument Department, Stanley 
Electric Mfg. Co., Pittsheld, Mass. July 25, 1902 

Loso, Gustave, Office Engineer, V. M. Braschi & Bro., Callé-Cadcra No. 2, 
Mexico City, Mexico. June 28, 1901 


Locke, FREDERICK M., President Locke Insulator Mfg. Co., Victor, №, Y. 
Apr. 23, 1903 

LopvGUINE, ALEXANDER, 38 De Kalb Ave., Perth Amboy, М. J. 
Oct. 24, 1902 
LoEwENTHAL, Max, Electrical Engineer, Prometheus Elec. Co., 39 Cort- 
landt St., New York City. Mar. 23, 1898 
LouMAN, FRANK Henry, Electrician, Calumet and Arizona Mining Co;, 
Douglas, Ariz. | Apr. 22, 1904 
LOHMANN. ALFRED PERKINS, Manager, Engineering Department, the 
А В. Е. Goodrich Co., 37 Marshall Ave., Akron, О.. Mar. 27, 1903 
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LoRMANN, RALPH W., Electrical Engineer, South American Construction 

Co.; res., 158 W. 46th St., New York City. Nov. 23, 1898 

LoMAS, HAROLD, 1001 Union Trust Bldg., Baltimore, Md. May 19, 1903 

LoMBARD, PERCIVAL HALL, 130 Newbury St., Boston, Mass. May 17, 1904 
Lorp, CHARLES EDWARD, Manager, Allis-Chalmers Co., Cincinnati, О. 

| Oct. 27, 1905 

LORIMER, Geo. Wm., бесу. and Treas., The American Machine Telephone 


Co., Ltd., Piqua, Ohio. Aug. 5, 1896 
LoTT, Joux CoorLEv, Manager, New York Office, Fort Wayne Electric 
orks, 40 New St., New York City, Mar. 27, 1903 
Louis, Отто T., O. T. Louis Co., 59 Fifth Ave.; res., 1004 W. 130th St., 
New York City. Feb. 23, 1898 
LouTEv, GEORGE SPANGLER, Electrician, Yards & Dock Department, U.S. 
Navy; res., 2418 N. 32d St., Philadelphia, Pa. Oct. 23, 1903 
Lovejoy, D. R., Electrical Engineer, Bradford Engineering & Mfg. Co.. 
Bradford, Ph Apr. 28, 1897 
LovELEss, WAIT REYNOLDS, Electrician, P. R. R. Co., Altoona, Pa. 
Oct. 28, 1904 
LovEsnipcE, Irvinc, Manager, Bell Telephone Mfg. Co., 18 Rue Bonde- 
wyns, Antwerp, Belgium. Oct. 23, 1903 
Lowe, Ernest A., Electrical Engineer, The Lowe Electric Co., 54 Vesov 
St., New York City; res., Plainfield, №. J. June 19, 1903 
LoweEnserc, Laurent, Electrical Engineer, Reliance Engineering Co., 
701 Traction Bldg., Cincinnati, Ohio. Feb. 27, 1903 
Lowson Davip, Electrical Inspector, N. Y. Board of Education, 59th 
St. and Park Ave., New York City. Feb. 28, 1902 
LOWENSTEIN, Fritz, Consulting Engineer, 150 Nassau St.; res., 102 E. 
61st St., New York City. June 15, 1904 
LOWTHER, CHRISTOPHER MEYER, Riverside, Conn. Nov. 23, 1900 
Lucas, Евер. L., Manager and Engineer, Pontiac Electric Co., Pontiac, 
Il. Jan. 23, 1903 
Lucas, James CLARENCE MERRYMAN, Electrical Contractor, 303 Court- 
‘land St., Baltimore, Md. May 20, 1902 
LupvicskEN, Hans VALDEMAR, Electrochemical Engineer, Blaagaardsgade 
17, Copenhagen, Denmark. Nov. 22, 1901 
Lupwic, Rvporr EMMANUEL, Electrical Engineer, Ludwig & Co., 513 Em- 
pire Building, Atlanta, Ga. May 17, 1904 


LUEPKE, Franz PauL, Chief Elec. Engineer, South Jersey Gas, Electric and 
Traction Co.; res., 222 East State St., Trenton, N. J. Mar. 27, 1903 


Lures, GEoRGE Horr, Generai Superintendent, North Shore Electric Co.. 


1619 Orrington Ave., Evanston, Ill. Oct. 25, 1901 
LUKES, ore BRIAN, Superintendent, Seattle Electric Co., Seattle, 
Mar. 25, 1904 

LUNDELL, ROBERT, Electrical Engineer, 527 W. 34th St.; res., 9 W. 68th 
St., New York City. Feb. 7, 1890 


LuNDIE, JOHN, Consulting Engineer, 52 Broadway, New York Сиу. 
Nov. 22, 1899 


Lusk, WitLiAM CrARDY, Agent, General Electric Co., 83 Cannon St., 


London E. C., England. Sept. 26, 1902 
Lvronb, OLIVER S., Tis Westinghouse, Church, Kerr & Co., 8 Bridge St., 

New York City. Apr. 26, 1899 
LYMAN, CHESTER WotcotTt, M.A., Assistant to President International 

Paper Co., 30 Broad St., New York, N. Y. Sept. 19, 1894 
Lynau, JAMES, Electrical Басе Laflin & Rand Powder Co., Colum- 


bus, Kan. Oct. 27, 1905 
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Lvucu, Dossev MONTGOMERY, Electrical Ins pecton Insurance Exchange 
of Memphis, 9 Madison St., Memphis, Sept. 22, 1905 


LvuNcH, Јонм Cooper, Traffic Engineer, New York Telephone Co., 15 Dev 
St.; res., 122 East 18th St., New York City. May 20, 1902 
Lynpon, Lamar, Consulting Electrical Engineer, 80 William St.; res., 
243 W. 98th St., New York City. Sept. 27, 1901 
Lynn, Wm. A., Electrician, 2215 Sutter St., San Francisco, Cal. 
Jan. 25, 1899 
Lyon, Henry Hopkins, Inspector, Cataract Power and Conduit Co., 718 
Fidelity Bldg.; res., 190 Hodge Ave., Buffalo, N. Y. Oct. 27, 1905 
Lyon, WILLIAM WARREN, JR., Student, Columbia University; res., 157 
West 92d St., New York City. jan. 27, 1905 
Lyons, JosgPn, Patent Solicitor, with Gustav Bissing, 908 С. St., Wash- 
ington, D. C. June 24, 1898 
LvsTER, THoMas LEE Brent, Engineer, Westinghouse, Church, Kerr & 
Co., 10 Bridge St., New York City. Sept. 25, 1903 


MABEN, GEORGE SALATHIEL, Engineer and Manager, City of Wellington, 
Electric Light and Power Co., Wellington, N. Z. Mar. 25, 1904 


MACARTNEY, JOHN F., Managing Director, Macartney, McElroy & Co., 


td., 53 Victoria St., London, Eng. May 16, 1899 
MacCarra, CLIFFORD SHERRON, Assistant to General Manager, The 
Washington Water Power Co., Spokane, Wash. June 28, 1901 
Macponatp, James Enon, Electrician, Pacific Elec. Ry. Co., res.; 6434 
Kohler St., Los Angeles, Cal. Jan. 23, 1903 
MacpoUuGALL, Aran C., Assistant Superintendent, Pittsburg Reduction 
Co., Massena, N. Y. Apr. 28, 1905 
MacFappeNn, Cart K., American Manager, Beaumont Petroleum and 
Liquid Fuel Co., Ltd., Beaumont, Texas. Sept. 27, 1892 

MACPARLANE, WALTER Lurox, Superintendent M. P. Davis, Mille Roches, - 
Ont. May 19, 1903 
MacGanAN, PauL, Electrical Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Dec. 19, 1902 
MaAcGREGOR, WILLARD H., Westinghouse Electric & Mfg. Co., 11 Pine St.; 
res., Bayside, L. I. Jan. 20, 1897 


MACHALSKE, FLORENTIN JOSEPH, Chemist, Brooklyn, №. Y. 
Sept. 25, 1903 
MacHEN, CHARLES Норѕом, Westinghouse Electric and Mfg. Co., 


Land Title Building, Philadelphia, Pa. Jan. 23, 1903 
Mackay, JAMES Lesure, Engineer, Westbury Electric Light & Power 
System, Sawyerville, Que. Apr. 23, 1903 
MacKay, WiLLIAM, Student American Institute; res., 186 East 104th St., 
New York City. June 19, 1903 


MacKeen, Rupert Tuomas [Local Secretary], Electrical Engineer, Can- 
adian General Elec. Co., 14 King St., Toronto, Ont. Oct. 24, 1902 
MacLaren, MarLcorM, Electrical Engineer, Westinghouse Electric and 
Mfg. Co.; res., 5230 Westminster St., Pittsburg, Pa. July 28, 1905 
MacLosKIE, GEORGE, JR., Designer and Engineer, General Electric Co, 


Schenectady, N. Y. Apr. 23, 1903 
MACNAUGHTAN, JAMES, 649 Main St., Buffalo, N. Y. June 14, 1905 
MACOMBER, GeorGe SrANLEY (Local Secretary), Asst. Prof. Electrical 

Engineering, Cornell University, Ithaca, N. Y. Aug. 22, 1902 
MacoMBER, IRWIN JOHN, Westinghouse, Church, Kerr & Co., 8 Bridge St., 

New York City; res., Richmond Hill, N. ү. Mar. 28, 1900 


(27) 


102 ASSOCIATES. 


Macy, OLtver Crossy, Electrician and Engineer, New England Struc- 


tural Co., 23 Fairlawn St., Everett, Mass. July 19, 1904 
MADDEN, JOHN FREDERICK SCARTH, Student, Toronto University; res., 7 
Bedford Road, Toronto, Ont. Mar. 27, 1903 


MADSEN, Јонҹ Percivat Vissing., Lecturer in Electrical Engineering. 
University of Adelaide, Adelaide, South Australia. May 19, 1903 


MAGALHAES, GEORGE WILLIARD DE, 168 State St., Brooklvn, N. Y. 
Mar. 24, 1905 


MAGEE, Louts J., Electrical Engineer, 25 Broad St.; res., 14 E. 60th 


St., New York City. Apr. 2, 1889 
MaciE, Lovis DE Witt,Works Engineer, Canadian General Electric Co., 
Peterborough, Ont. Sept. 27, 1901 


MacNus, Benjamin, Mountain Copper Co., Ltd., Martinez, Cala. 
Jan. 24, 1900 
MAGNUSSON, CaRL Epwarp, Associate Professor of Electrical Engineer- 


ing, University of Washington, Seattle, Wash. Mar. 24, 1905 
MacvuiIRE, Tuomas Е. J., Electrical Engineer, Room 507, Mills Building, 
Washington, D. С. Aug. 22, 1902 
MAHAFFEY, CLAvTON BENNET, Engineer, General Electric Co., Kittredge 
Bldg., Denver, Colo.; res., Schenectady, N. Y. Jan. 23, 1903 
MAHONEY, TimoTHy S., Electrician, New York Fire Dept., 365 Jay St.; 
res., 107 Rutlegde St., Brooklyn, N. Y. Aug. 25, 1905 

Maki, Hericurro, 488 Sankocho, Shirokane, Shiba, Tokyo, Japan. 
Aug. 5, 1896 
MarcoLM, NoRMaN, Assistant Engineer, with George M, Painter, San 
Ignacio 6, Havana, Cuba. Apr. 28, 1905 
MarcorLMsoN, CHARLES TousLEv, Mechanical Engineer, Coal Testing 
Plant, World's Fair Grounds, St. Louis, Mo. May 19, 1903 


MatLALIEU, Wit BUR EMERSON, Assistant Electrical Inspector, Nat. Board 
of Fire Underwriters, 32 Nassau St., New York City. June 15, 1904 
MALLETT, JOHN Рскіхтом, Chief Engineer and Designer, Northern Electric 


Mfg. Co.; res., 223 N. Carroll St., Madison, Wis. Feb. 27, 1903 
MALLORY, WALTER SEELEY, Vice-president Edison Portland Cement Co., 
Stewartsville, N. J. July 25, 1902 
Maroy, УУпллАМ B., Engineering Department, Stanley Instrument Co., 

' Box 83, Great Barrington, Mass. Apr. 28, 1905 
Mance, Jonn I., Engineer, Plattsburg Light Heat and Power Co , Platts- 
burg, N. Y. , Sept. 25, 1903 


MANIFOLD, RicHARD GoiNG, Industrial Mexican Chihuahua, Mexico. 
Jan. 23, 1903 
MaNLEv, Rusu Emmett, Chief Inspector, Central Union Telephone Co., 


1517 Worthington St., Columbus, О. Mar. 25, 1904 
MANN, CHARLES ALLEN, Engineering Salesman, Stanley С. I. Electric 
Mfg. Co., Monadnock Bldg., Chicago, HI. Nov. 24, 1905 
MANN, WiLLiIAM Lowry, Niagara Falls Power Co.; res., 220 3d St, 
Марага Falls, М. Y. May 19, 1903 
MANSFIELD, EÉbwanRpD Stacey, Edison Electric Tlluminating Co., 70 State 
St., Boston, Mass. May 17, 1904 
MaNsrFIELD, R. Н. Jr., Eastern Manager of the Cutler-Hammer Mfg. Co., 
136 Liberty St., New York City. Sept. 28, 1898 


MANSON, ARTHUR JAMES, 408 Whitney Ave., Wilkinsburg, Pa. 
Aug. 25, 1905 
Manson, Ray HERBERT, Ist. Assistant Engineer, Dean Electric Co., 
Elvria, Ohio. Nov. 21, 1902 
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MANVILLE, CHARLES B., Electrical Engineer’s Assistant, Otis Elevator 
Co.; res., 1160 Nepperham Ave., Yonkers, М. Y. Aug.. 22, 1902 


MANYPENNY, JOSEPH Pope, 5262 Jefferson St., Philadelphia, Pa. 
Mar. 27, 1903 


MARBLE, Harry Curtiss, Asst. E. Eng'g, Univ. of Ill.; res., 305 W. Uni- 


versity Ave., Champaign, Ill. Jan. 23, 1903 
MaRBuRG, Louts C., Electrical Engineer, Allis-Chalmers Co., Milwaukee, 
Wis. Feb. 28, 1902 
MARKLE, HERBERT, Sales Engineer, Northern Electric Mfg. Co., 425 
Monadnock Building, Chicago, Ill. Dec. 19, 1902 
MARLOW, WAYLAND CLINTON, Electrical Engineer, The Natyral Food Co., 
Niagara Falls, N. Y. Jan. 23, 1903 
MarsH, CHARLES MERCER, Eddy, Brown & Sanderson, 2 Wall St., New 
York Citv. Feb. 27, 1903 
MarsH, Harry Bowman, Secretary, The Sanborn & Marsh Electric Co.; 
res., 1131 North Illinois St., Indianapolis, Ind. Mar. 28, 1900 
MARSHALL, Crovp, E.E., Engineer, American De Forest Wireless Tele- 
graph Co., St. Louis, Mo. Apr. 25, 1900 
MARSHALL, Norman, President and Manager, Marshall-Sanders Co., 301 
Congress St., Boston, Mass. Aug. 22, 1902 
MARSHALL, FREDERICK JOSEPH, City Electrician, The Corporation of the 
City of Kamloops, Kamloops, B. C. Sept. 25, 1903 
MARSHALL, St. JULIEN RAVENEL, Electrical Engineer, Essex Bldg., Nor- 
folk, Va. Nov. 24, 1905 
Marston, Anson, Dean of Division of Engineering, Iowa State College, 
Ames, Iowa. July 19, 1904 
MARTIGNONE, Domenico, Constructing Engineer, General Electric Co., 
Schenectady, N. Y. June 14, 1905 
Martin, FRANK, Chief Engineer, International Smokeless, Powder & 
Chemical Co., Parlin, N. J. Oct. 21, 1890 


MartTINn, HERRERT, Lill Jans plan 5, Stockholm, Sweden. 
May 15, 1905 
Martin, Joun, Agent, Stanley Electric Mfg. Co., Rialto Bldg., San Fran- 


cisco, Cal. July 27, 1898 
Martin, Lewis GEorGE, Electrical Engineer, The Okonite Co., Ltd., 253 
Broadway, New York City. Apr. 23, 1903 
Martin, Percy, Manager, The Daimler Motor Co., Coventry, Eng. 
pes 29, 1904 
MarTIN, SIDNEY B., General Manager, Pittsburg Construction and Eng'g 
Co.; res., 236 Dinwiddie St., Pittsburg, Pa. Nov. 21, 1902 
Martin, T. CoMMERPORD, [Past-president] Editor, The Electrical World 
and Engineer, 114 Liberty St., New York City. Apr. 15, 1854 
Marvin, Ricard НАТЕ, Testing Department, General Electric Co, 
Schenectady, N. Y. July 19, 1904 
Masjoan, Juan, Student, Ohio State University; res., 167 W. 9th Ave. 
Columbus, O. Dec. 15, 1995 


Mason, Hosart, B.S., EE. Electrical Engineer, New York New 
Jersey Teleph. Co., 81 Willoughby St., Brooklyn, N.Y. June 28, 1901 
Mason, Rocer, Electrical Engineer, S. 324 Howard St., Spokane, Wash. 
june 14, 1905 

Mason, WitLLiAM W., Jr., Foreman, Electric Shops, North Shore R.R., 


Mill Valley, Cal. Nov. 24, 1905 
Masson, CHARLES MICHABL, 824 West Lake Ave., Los Angeles, Cal. 
Dec. 19, 1903 
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“Masson, Raymonp S., Consulting Electrical Engineer, 824 Westlake Ave 
| Los Angeles, Cal. Apr. 26, 1899 


Masters, ArtHUR Henry, Representative of Westinghouse, Church, 
Kerr & Co.; res., 809 St. James St., Pittsburg, Pa. Jan. 23, 1903 


MATEER, JESSE Eucene Electrical Engineer, Westinghouse Electric. 


and Mfg. Co., Pittsburg, Pa. July 19, 1904 
MaTEER, Ross Boor, Engineering Department, Denver Gas & Electric 
Co.; res., 1427 Clarkson St., Denver, Colo. Jan. 23, 1903 


MaTHER, EvcENE Homes, Manager, Cumberland Ill. Co.; Treasurer, 
Portland Lighting and Power Co., Portland, Me. Apr. 28, 1897 


Matuis, Louis J., Engineer, General Electric Co., 44 Broad St., New 
York City. Apr. 28, 1905 


MatTTHIAS, J. INGLEs, Philadelphia Electric Co., Philadelphia, Pa. 
Mar. 24, 1905 
MauTNER, CHARLES, Manager, H. Krantz Mfg. Co., 160 7th St., Brooklyn: 
es., 1476 Lexington Ave., New York City. Feb. 26, 1904 
Maxim, Hiram Percy, Electric Vehicle Co., Hartford, Conn. Jan. 3, 1902 
MAXWELL, MarsHALL ANDREWS, Consulting Electrical Engineer, 82 
Beaver St., New York City, Apr. 28, 1905 
MAXWELL, ALEXANDER, Assistant Superintendent 3d District, New York 
Edison Co.; res., 45 West 20th St., New York City. Nov. 20, 1903 
MaxwELL, EucENE, 446 Endicott Bldg., St. Paul; res., Taylor's Falls, 


Minn. Aug. 5, 1896 
MaAxwELL, Howarp, Designing Engineer, General Electric Co.; res., 832 
Union St., Schenectady, N. Y. Apr. 23, 1903 
MAYER, МАХ ЕЕ M., Maxwell M. Electrical Engineer, 222 W. 1415 
St., New York City. Feb. 27, 1895 


McALLISTER, Арлмѕ Stratton, Editorial Department, Electrical 
World & Engineer, 114 Liberty St., New York City. Mar. 28, 1902 
 МсАмсе, WitLiAM NORMAN, JR., Manager, Atlantic Coast Construction 


Co., Suflolk, Va. Aug. 17, 1904 
McCaBe, Epwanp Henry, Jn. Switchboard Operator, Interborough 
Rapid Transit Co., New York City. May 15, 1905 


McCarn, Georce Eastman, Chief Clerk and Head Draftsman. Engi- 
neering Dept., Col. Telephone Co., Denver, Col. Mar. 27, 1903 


McCarter, Ronert D., JR., Electrical ЕИБ Bath Electric Tram- 


way, Ltd., Walcot St.. Bath, Eng. May 16, 1899 
McCartny, E. D., McCarthv Bros. & Ford, 41 E. Eagle St.; res., 540 Nor- 
wood Ave., Butfalo, №. Y. Nov. 18, 1896 


McCarr, }о$ЕРН B.. President, The Philadelphia Electric Co., №. E. cor. 
10th and Sansom Sts., Philadelphia, ba. Apr. 22, 1904 
McCarty, Francis ALEXANDER, Electrical Engineer, Freemantle Tram- 


ways, Freemantle, W. A. June 28, 1901 
McCasKIL_, KENNETH, Testing Department, General Electric Co.; res., 
207 Victory Ave. ‚ Schenectady, N. X. Feb. 20, 1904 


NICCLAIN, FRANK ГУА. 3644 Botanical Ave., St. Louis, Mo. 
June 19, 1903 
McCasKEy, WILLIAM TYNDALE, Allis-Chalmers Co. Milwaukee, Wis. 
Sept. 25, 1903 
McCreary, Ernest, Manager, McCleary Electric Co., 213 Jefferson Ave., 
Detroit, Mich. Apr. 23, 1903 
МсСівілАМ, Ross St. Jonn, Engineer, 033 Howard St., San Francisco, 
Cal. Oct. 28, 1904 
McCrtELLAN. WirttaM, Ph.D., Engineer, Westinghouse, Church, Kerr & 
Co., З Bridge St., Now York City. Feb. 26, 1904 
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McCrsLLAND, WiLLIAM, Asst. Engineer, with С. Н. Wordingham, 19 


Brasenose St., Manchester, Eng. May 19, 1903 
McCLENATHAN, ROBERT, Engineer, with D. M. Osborne & Co., Auburn, 
N. Y. May 16, 1899 
McCrunsz, WI tram J., Electrical Engineer & Contractor, 160 Fifth Ave.; 
res., 358 W. 55th St., New York City. Apr. 25, 1900 
McCrunc, №. A., Manager, Electrical Dept., Plainfield Gas and Electric 
Light Co., 217 West 2d St., Plaintield, N. J. Dec. 20, 1893 


McCoNaHEv, УЎпллАм M., Electrical Engineer, British Westinghouse 
E. & M. Co., Ltd., Trafford Park, Manchester, Eng. Sept. 27, 1901 


McCormick, BRADLEY Tuomas, Bullock Electric Mfg. Co.; res., 1815 


Kinney Ave., Cincinnati, O. Jan. 29, 1904 
McCoy, Jonn AncGus, Supt. of Construction, The New England Teleph. & 
Tel. Co.; res., 62 Main St., Somerville, Mass. Apr. 23, 1903 


McCoy, Warrer EnuMsENw, Electrical Engineer, The United Electric 
Light and Power Co., 410 E. 29th St., New York City. May 19, 1903 


McCvurLocH, RicHARD, Assistant General Manager, St. Louis Transit Co., 
St. Louis, Mo. june 15, 1904 

McCutton, James S., Superintendent of Buildings, New York Telephone 
Co., 15 Dey St.;res., 267 W. 71st St., New York City. Mar. 25, 1904 

MCCULLOUGH, HOMER, Electrician, Bismark Nugget Gulch Mining Co., 


Sheridan, Mont. Dec. 23, 1904 
McDonatp, WALTER D., Salesman, Westinghouse E. & M. Co., 171 La 
Salle St., Chicago, Ш. Sept. 25, 1903 
McDoNNELL, ISHAM FENNELL, Huntsville, Ala. june 14, 1905 
McDoucarrL, GEorGE KiNGHORN, Assistant, Ralph D. Mershon; res., 
Niagara Falls, N. Y. Aug. 25, 1905 
McDurrre, EpGAR JEROME, Assistant Engineer, General Electric Co., 
84 State St, Boston, Mass. Apr. 23, 1903 
McErnov, James F., Consulting Engineer, Consolidated Car Heating 
^ Co., 131 Lake Ave., Albany, N. Y. Nov. 15, 1892 


McFEELEY, Jonn, Assistant, Public Service Corporation of New Jersey, 
418 Federal St.; res., 615 Line St., Camden, N. J. Feb. 26, 1904 


McGeorceE, HAROLD, Vice President and General Manager, McGeorge 


Mfg. Co., Cleveland, O. Oct. 28, 1904 
McGrath, WILLIAM Henry, Electrical Engineer, Houghton Co. Elec. Co., 
Houghton, Mich. Mar. 28, 1902 
McGraw, FRANK H., Superintendent Construction, Westinghouse, Church 
Kerr and Co., 8 Bridge St., New York City. Mar. 24, 1905 
McGraw, JAMES H., President, McGraw Publishing Co., 114 Liberty St., 
New York City; res., Madison, N. J. Sept. 27, 1901 
Мсјомкім, PauL, Consulting Engineer, Fahn & McJunkin, 201 E. 16th 
St., New York City. May 15, 1905 
McIntyre, Henry Knox, Assistant, Engineering Department, New York 
Telephone Co., 15 Dey St., New York City. Sept. 26, 1902 
McKay, MansHALL CAMERON, Electrical Engineer, Britannia Copper 
Syndicate, Vancouver, B. С. May 19, 1903 


McKay, MavnicE PARKER, Engineer, Westinghouse Church Kerr & Co.. 
10 Bridge St.;res., 211 W. 69th St., New York City. May 17, 1904 
McKay, ROBERT, Barrister and Solicitor, McKay, Dods & Grant, King St., 
Toronto, Ont. Jan. 29, 1904 
McKee, Frank E., Electrical Engineer, Pressed Steel Car Co., McKees 
Rocks, Pa. Oct. 27, 1905 
McKee, У©ЎпллАМ Norris, General Manager, Moweaqua Electric Co., Mo- 
weaqua, Ill. July 19, 1904 
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McKrrLwav, GEonGE HUuBBELL, Assistant Electrical Engineer, Brooklvri 


Heights R. R., Brooklyn, N. Y. Dec: 18, 1903 
McKiNpLEv, JAMES LaMPERT, Construction Department, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. June 19, 1903 
McLAREN, WirriaM FREDERICK, Draftsman, 64 Hannah St. East, 
Hamilton, Ont. june 19, 1903 
McLeary, SaMuev Harvey, Student Cornell University; res., 325 Eddy 
St., Ithaca, N. Y. Nov. 20, 1903 
McLELtLAN, WirLtaM, Partner, Charles Н. Merz, Collingswood Buildings. 
Newcastle-on-Tyne, Eng. May 19, 1903 
McLimont, A. W., Engineer. Federal Electric Co., 141 Broadwav, New 
York City. July 26, 1900 
McMaster, JaMesS CLtayton, Member of firm, McMaster & Fletcher, 338 
E. State St., Columbus, О. Apr. 22, 1904 


McMurtry, ALDEN LotHRop, Superintendent, New York Motor Car Co., 
141 W. 38th St.; res., 812 Sth Ave., New York City. Aug. 25, 1905 
McNaiER, JOSEPH TREANOR, Electrical Engineer, Stanley & Patterson, 


4.) Cortlandt St., New York City. Dec. 18, 1903 
McNaMEE, THOMAS WILSON, Superintendent, Wabash Electric Light Co.. 
Wabash, Ind. Apr. 22, 1904 
McNary, CHARLES HERBERT, Engineer, Folsom Development Co., Fol- 
som, Cal. Apr. 25, 1902 
Mc Nicor, Donatp, Electrician, Northern Pacific Ry. Co.; res., 736 York 
St., St. Paul, Minn. Nov. 24, 1905 


McNu tty, PETER Соттімо, JR., Borough Engineer, Edgewood Park, Pa. 
Oct. 25, 1904 
McPuerson, NORMAN Crawrorp, Engineering Department, Westing- 


house E. &. M. Co., Pittsburg, Pa. Sept. 25, 1903 
McQuir&IN, GEORGE, JR., Electrical Expert, О. S. Navy Department, 
Elxton, Md. Dec. 19, 1902 
McRae, Jony, Ist Class Sergeant, Signal Corps, U. S. Army, Ft. Thomas. 
Kentucky. Jan. 27, 1905 
McTaccart, WiLLIAM A., General Electric Со. ; res., 427 Smith St., Schen- 
ectady, N. Y. Mar. 25, 1904 
Meap, Georce Атум, Chief Engineer, The Ohio Brass Co., Mansfield 
Ohio. Sept. 25, 1903 


Meapows, Hanorp GREGORY, Associate Engineer (Elec.) with Newcomb 
Carlton, 432 Prudential Building, Butfalo, №. Y. Sept. 23, 1896, 


MEARSON, Francis, Solicitor and Estimator, Geneva Electric Co., 469 Ath 


Ave.; res., 41 W. 114th St., New York City. Nov. 20, 1903 
Mensery, S. C., Jr., Electrical Engineer, N. Y. & N. J. Telephene Co.. 
51 Willougaby St., Brooklyn, №. Y. Oct. 24, 1902 
MEEKER, Lewis Epoar, Wire Chief, №. Y. & N. J. Telephone Co.; res., 
564 Putnam Ave., Brooklyn, N. Y. Nov. 24, 1905 
TER MEER, Henry CuanrES, Electrical Engineer; res., 930 Hudson St, 
Hoboken, М. |]. Feb. 28, 1901 
MEES, Cart Leo, President and Professor of Physics, The Rose Poly- 
technic Institute, Terre Haute, Ind. May 19, 1903 
MEGINNISS, Francis REGESTER, Student, Testing Department, General 
Electric Co.; res. 23 Pine St., Waltham, Mass. Apr. 23, 1903 
MEISTER, JAMFS FRANKIN, Westinghouse Electric & Mfg. Co., Pittsburg, 
Pa. Aug. 25, 1905 
MENAUvGH, Ronert. Chief Engineer, Honolulu R. T. & L. Co., res.; 509 
Beretania Ave., Honolulu, H. I. Jan. 23, 1903 
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MznciL, Вемомт E., Engineering Department, American Telephone and 


Telegraph Co., 18 Dey St., New York City. June 15, 1904 
MERENESS, GERIT NEwTON, 7th Ave., Telephone Bldg., Pittsburg, Pa 
Jan. 29, 1904 

MERKLE, WitttAM S., Vice-president Ewing Merkle Electric Co.; res., 
2601 Louisiana Ave., St. Louis, Mo. Apr. 23, 1903 
MERRICK, ELDRIDGE Gerry, Stanley С. I. Electric Mfg. Co.; res., 27 
Pomeroy Ave., Pittsfield, Mass. Mar. 24, 1905 
MERRILL, BARRETT Morris, Electrical Engineer, Puget Sound Electric 
Railway, Kent, Wash. Apr. 23, 1903 
MERRILL, CHARLES PALMER, Electrical Assistant, U. S. Signal Corps, 
39 Whitehall St., New York City. Apr. 28, 1905 
MERRILL, E. A., Manager, New York Office, McIntosh, Seymour & Co., 26 
Cortlandt St., New York City. Sepe. 20, 1893 
MERRILL, EpwarD BELDEN, Assistant, Toronto and Niagara Power Co.. 
4 Prince Arthur Ave., Toronto, Ont. May 15, 1905 
MERRILL, ЈоѕеРН F., Professor of Physics and Electrical Engineering, 
University of Utah, Salt Lake City, Utah. May 21, 1901 
MERRILL, Josian L., Electrical Engineer, Burke Electric Co., 1526 Park 
Building, Pittsburg, Ра. Sept. 25, 1895 


MERRILL, MELDON HuMPHREY, Sales Engineer, Westinghouse Electric and 
Mfg. Co., 716 Board of Trade Building, Boston, Mass. Apr. 22, 1904 


Merritt, BENJAMIN F., Superintendent Repair Department, New York 
Telephone Co., 30 Gold St., New York City. Mar. 27, 1903 

Merz, CHARLES H., 28 Victoria St., Westminster, London S. W., Eng. 
sept. 25, 1895 
Messick, CHARLES, JR., Electrical Engineer, Room 92, Cotton Exchange 
Bidg., New York City. Dec. 18, 1903 
Меѕтом, CHARLES ROBERT, Vice-president and Superintendent, ‘The 
Emerson Mfg. Co., 5619 Catcs Ave., St. Louis, Mo. May 19, 1903 
MreTTLER, Hans Wiru, Draughtsman, Ontario Power Co., Niagara 


Falls, N. Y. Apr. 22, 1904 
MEYER, ALBERT P., Assistant Engineer, United Railways and Electric 
Co. of Baltimore, Baltimore, Md. Feb. 24, 1905 
MEYER, EpwaRp B., Engineering Assistant, Public Service Corporation 
of N. J.; res., 789 Clinton Ave., Newark, N. J. june 14, 1905 
Meyer, Hans Jutivs, Supt. Shreveport Gas Electric Light & Power Co., 
625 Market St., Shreveport, La. Nov. 25, 1904 
Meyer, Haus S., Electrical Engineer, Norddeutsche Machinen und Arma- 
turen-Fabrik, Bremen, Ger. July 27, 1889 
МЕүЕК, Henry Соррімстом, Consulting Mechanical Engineer, 1 Madison 
Ave., New York City; res., Montclair, N. J. Apr. 28, 1905 
Meyer, HERMANN Henry BERNARD, Expert Cataloguer, Library of 
Congress, Washington, D. C. Feb. 24, 1905 
MEYER, JOHN WILHELM, Foreman of Wiring Inspectors, Edison Electric 
Light Co., of Philadelphia, Philadelphia, Pa. Apr. 23, 1903 
MEYER, JUvius. Consulting Engineer, 19 Liberty St., Tel. 2812 John, New 
York City. Oct. 25, 1892 
Meyers, ALviN, Engineering Department, The Telluride Power Со., 
Provo, Utah. Aug. 22, 1902 


MEvGRET, ACHILLE, Inventor, 1204 Fuller Bldg., New York City. 

July 19, 1904 
Micnop, CHARLES Louis, Administration-General, Interstate- Electric Co., 
Ltd., Havana, Cuba. July 28, 1903 
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М:рогвтом, A. CENTER, Strong & Middleton, 39 Cortlandt St., New York 
City. May 16, 1899 


MIEHLING, RuporpPH, Engineer, 29 Hamilton Terrace, New York City. 
Sept. 25, 1903 


MircH, Maurice, Engineer, General Electric Co., Schenectady, N. Y. 
Apr. 22, 1904 


Mites, J. WarTER, Electrical Engineer, Westinghouse Electric and Mfg. 


Co., Irwin, Pa. Apr. 25, 1903 
MiLrFoRpD, GEorGE Roscoe, Installing Engineer, Northern California 
Power Co., Fern; res., Whitmore, Cal. Oct. 28, 1904 
MiLLAR, Preston S., Asst. to Mgr. Electrical Testing Laboratories, 80th 
St. and East End Ave., New York City. Jan. 23, 1903 
MILLER, ИЕ ОЅЕРН, Laboratory Assistant, Western Electric Co., 
463 West St., New York City. Mar. 28, 1902 
MILLER, Atvin AvcvsTUS, Salesman, Westinghouse Electric and Mfg. 
Co., 314 Occidental Ave., Seattle, Wash. Apr. 23, 1903 
MILLER, DwicuT Dana, Salesman, Westinghouse Electric and Mfg. Co., 
11 Pine St., New York City. Apr. 25, 1902 
шн ы Engineer, Pacific States Tel. and Tel. Co., 216 Bush St.; 
, 94/3 Post St., San Francisco, Cal. May 15, 1905 
ЕЕ Fr ANK HEGAN, ‘Superintendent Louisville Railway Co.; res., 521 
W. Hill, Louisville, Ку. Mar. 25, 1904 
MiLLER, GEorGE E., Westinghouse E. & M. Co.; res., 4911 Center Ave., 
Yittsburg, Ра. Feb. 28, 1902 
MirLEgnR, HERBERT S., Electrical Engineer, Diehl Mfg. Co., res., 1025 E. 
Jersey St., Elizabeth, N. J. Mar. 22, 1899 
MILLER, Керт B., Engineer Kellogg Switchboard and Supply Co., 
Congress and Green St., Chicago, Ш. Sept. 28, 1898 


MILLER, WarrER Н. Manager Record Dept. (Phonograph), with Thomas 
A. Edison; res., 28 Mt. Vernon St., Orange, N. J. Sept. 27, 1901 
MILLs, CLARENCE VALENTINE, General Superintendent, Chester Traction 
Co., Chester, Pa. Nov. 24, 1905 
MiLMOW, ALBERT, Electrical Engineer, General Electric Co., Atlanta, Ga. 
Oct. 28, 1904 

MILNE, GeorGE G., Manager, Electrical Dept., Gould Storage Co., 25 W. 
33d St., New York City. Jan. 29, 1904 
Minor, Јонм W., JR., Inspector, Insurance Inspection Bureau, 518 Ex- 
change Building, Denver, Colo. Mar. 27, 1903 


MisAKI, Se1z0, Chief Engineer and Superintendent, Hanshin Elec. Railway 
| Co., Nishiumeda-cho, Osaka, Japan. Dec. 27, 1899 
MITCHELL, RoBERT, Electrician, North Shore Railroad Co., Sausalito, Cal. 
Nov. 24, 1905 

MITCHELL, SIDNEY Z., Vice-president, Electric Bond & Share Co., 62 
Cedar St., New York City. Nov. 12, 1889 
MIXER, CHARLES. ADaM, Civil and Hydraulic Engineer, Rumford Falls 
Power Co., Rumford Falls, Me. Sept. 25, 1903 
MÖLLER, Jacorn Avaric Leo, Engineer, Lambert Schmidt Tel. Mfg. Co., 
Ltd., Hoboken, N. J. Nov. 20, 1903 
MONEYPENNY, NELSON Мовти, Manager, Special Work Department, 
Alberene Stone Co., 393 Pearl St. , New York City. Mar. 27, 1903 


Monjo, Dominco L., Electrical Contractor, 11 Broadway, New York City; 


s., 43 DeWitt Road, Elizabeth, М. J. Dec. 23, 1904 
MonRATH, Gustave, Engineer and Superintendent, Grace & Hyde Engin- 
ecring Co., 7 E. 42d St., New York City. Apr. 26, 1901 
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MoNTAGU, RALPH LECHMERE, Consulting Engineer, Oroville, Butte Co., 
Cal. Feb. 26, 1896 


Moopy, ViRcGIiNIUs Юлміві, Е. S. Pearson, 25 Broad St., New York 


City. Dec. 27, 1899 
Moopy, WiLLIAM Encar, Draughtsman, New American Elevator Co. ; res., 
166 W. 4th Ave., Columbus, O. May 17, 1904 
Moore, Benjamin H., Manager Postal Telegraph Cable Co., Baltimore, 
Md. Mar. 24, 1905 
Moore, CiiFForD, THompson, Electrician, U. S. Navy Yard, League 
Island, Pa. May 17, 1904 


Moore, HanoLp THoMPsoN, Mechanical Engineer, Dodge & Day; res., 
4535 Pulaski Ave. , Germantown, Philadelphia, Pa. July 19, 1904 


Moore, HENRY Ries ane Engineer, The Canadian Bullock Electric 


Mfg. Co., 200 McKinnon Bidg., Toronto, Ont. June 19, 1903 
Moore, JOHN H., Electrical Equipment Station 4, Columbus Edison Co. ; 
res., 311 Arondale Ave., Columbus, O. Feb. 26, 1904 
Moore, Joun PEABODY, Engineer, 801 Traction Bldg., Indianapolis, Ind. 
Apr. 25, 1900 
Moore, Percivat, Vice-president and General Manager, Louisville & 
Eastern R. R., Anchorage, Ky. Mar. 27, 1903 
Moore, RoBERT HAwTHORNE, Manager, Electric and Steam Engineering 
Co., St. Louis, Mo. May 20, 1902 
Moore, STANLEY H., Director of Manual Training, McKinley High School, 
St. Louis, Mo. Jan. 29, 1904 
Moore, WALLACE D., Electrician, U.S.S. “Princeton” San Francisco, Cal.; 
res., 623 N. Jefferson St., Lima, Ohio. Nov. 25, 1904 


Mora, Martian Lovirs, General Electric Co., 44 Broad St., New York City. 
Mar. 20, 1895 

Moran, WirttiAM M., Electrical Engineer, Chicago & Southern Traction 
Co., Chicago, Ш. July 28, 1903 
Moraweck, Atvin H., American Telephone & Telegraph Co., Boston, 
Mass. Apr. 23, 1903 
Morpey, WM. Morris, Consulting Electrician, 82 Victoria St., Grosvenor 
Mansions, Westminster, London, Eng. Sept. 22, 1891 
Morpock, CHARLES T., Superintendent, Lighting and Power Depart- 
ment, Terre Haute Electric Co., Terre Haute, Ind. Sept. 25, 1903 
MoREHEAD, J. M., Engineer, Union Carbide Co., 157 Michigan Ave., 


Chicago, Ill. Mar. 28, 1900 
MonEHoUusE, H. H., Cia Industrial Mexicana, Chihauhau, Mex. 
. Feb. 21, 1894 
MoncaN, САРІ, Leon, With Simplex Electric Co., 110 State St.; res., 25 
St. Cecilia St., Boston, Mass. Jan. 24, 1902 
Morcan, GoprREY, Moody & Brisbane Bldg., 7 Grand Court, Buffalo, 
N. Y. Oct. 25, 1901 
MORGAN, THEODORE BLACKWELL, New York Edison Co., 45 W. 26th St., 
New York City; res., South Amboy, N. J. Mar. 25, 1904 


MoRGAN, THOMAS BERNARD, Electrical Engineer, Metropolitan Railway; 
res., 6 Greenhill Crescent, Harrow, London, Eng. Nov. 24, 1905 


Morita, Каргоо, Engineer, 15 Kilaigamachi, Yotura, Tokyo, Japan. 


Dec. 18, 1903 
Moritz, CHARLES HOLLAND, Construction Engineer, Pittsburg Reduction . 
Co., Niagara Falls, N. Y. Dec. 19, 1902 
MORLE, RICHARD GILBERT, Engineering Dept., New York Telephone Co., 
15 Dey St., New York City. Apr. 28, 1905 
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MORLEY, PRGA L., Supt. Hatzel & Buehler, 571 Fifth Ave., New York 


City. Sept. 25, 1895 
MORRILL, EDWARD Francis, Central Union Telephone Co., Springfield, 
Ш. Feb. 28, 1902 
MonniLL, Тномлѕ Leonarp, Electrical Engineer, Mexican Light and 
Power Co., El Oro, Estado de Mexico, Mex. Aug. 17, 1904 
MonRILL, WILLIAM CHARLES, Manager, Chas. Morrill, 277 Broadway; res., 
24 W. 83d St., New York City. Jan. 23, 1903 


Morris, A. SAUNDERS, Engineer, 1501 So. Front St., Philadelphia, Pa. 
June 15, 1904 
Morris, Davip Kine, Lecturer, The University, Birmingham, Eng. 


Nov. 25, 1904 

Morris, GEoRGE HarsrEIN, Electric Storage Battery Co., 204 E. Lake St., 
Chicago, Ill. May 19, 1903 
Morris, Harvey L., Salesman, Northern Electric Mfg. Co., Madison, 
Wis. Jan. 23, 1903 
Morris, Јонч WILLIAM, Electrical Superintendent, The Reid Newfound- 
land Co., St. Johns, Newfoundland. Aug. 22, 1902 
Morris, THomMas ARTHUR, Electrical Engineer, Wonderland Co.; res., 235 
W. 126th St., New York City. June 14, 1905 
MORRISON, ARCHIBAL D Bostwick, JR., Salesman, S. M. Jones Co., 224 
12th St., Toledo, O. Nov. 24, "1905 
Morrison, J. FRANK, Consulting Engineer, 317 N. Paca St., Baltimore, 
Md. Apr. 15, 1884 
Morrow, Bryce ЁОСЕМЕ, Manager Operating Dept., Hudson River Water 
Power Co., Glens Falls, М.Ү. Маг. 25, 1904 


MORSE, GEORGE GLENN, Consolidated Lighting Co., Montpelier, Vt. 
Mar. 27, 1903 

Morse, LEopo_p GEoRGE Esmonp, 14 Airlie Gardens, W., London, Eng. 
Nov. 25, 1904 

Mortimer, JAMES D., Engineer, Electric Bond and Share Co., 62 Cedar 


St., New York City. Mar. 28, 1900 
Morton, ALEX AMERTON, Stanley Electric Mfg. Co., 1543 Monadnock 
Block, Chicago, Ill. June 12, 1904 


Moses, Rurus Расе, Electrician, 1621 Shattuck Ave., Berkeley, Cal. 
Nov. 25, 1904 
MosMAN, CHARLES Түк, Electrical Engineer, General Electric Co., 84 


State 5t., Boston, Mass. May 19, 1903 
Mossay, PauL ALPHONSE, Assistant Designing Engineer, British Thom- 
son-Houston Co., Ltd., Rugby, Eng. May 19, 1903 
Mosscrop, Wo. A., M.E., гене] Engineer, 875 Sterling P1., Brooklyn, 
N. Y. May 7, 1889 


Mott, FREDERICK ALLEN, Electrical Engineer, 24 Bartlett St., Rochester, 
N. July 28, 1903 
Mott, FREDERICK RUTHERFORD, Engineer, The Bell Telephone Co., of 
Missouri, Telephone Building, St. Louis, Mo. Apr. 23, 1903 
Mott, WALTER, General Foreman, Phoenix Electric Co., Mansfield, Ohio. 
May 15, 1905 
Мотт-Ткил.в, RapLEY, Electrical Engineer, United Lumber Co., Cien- 
fuegos, Cuba. Oct. 23, 1903 
MountTAIN, Joun THEODORE, Load Despatcher, Chicago Edison Co.,139 
Adanis St.; res., 409 E. Huron St., Chicago, Ill. May 17, 1904 
MOWBRAY, тям J., Engineer, Brooklyn Edison Co., 14 Rockwell ГІ. ; 
| res., 272 Classon Ave., Brooklyn, N. Y. Nov. 20, 1903 
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MUDGE, ARTHUR LANGLEY, Allis-Chalmers Co., Milwaukee, Wis. | 
Mar. 22, 1901 


Mupce, CHARLES A., Engineer, 43 Dorotheenstr 43, Berlin, Ger. 
Feb. 27, 1903 
MULLEN, THOMAS JAMES, Superintendent of Construction, Allis-Chalmers- 
Bullock, Ltd., Montreal, Que. Mar. 27, 1903 
MULLER, Ernest WELCH, Technical Assistant, С. О. Mailloux, 76 William 
St., New York City. Oct. 27, 1905 
MurrEn, Henry Nrkora, Electrician, Allegheny County Light Co.; res., 
7217 Mt. Vernon St., Pittsburg, Pa. May 17, 1904 
MurLIGAN, WALTER Lyon, Manager, United Electric Light Co., Spring- 
field, Mass. Feb. 28, 1902 
Munpy, AMBROSE, Marine Engine & Machine Co., 126 Liberty St., New 
York City. | Jan. 23, 1903 
Murpvock, Henry De tos, Supzrintendent 52d St. Shdp, В. В. 7.5 res., 
168 86th St., Brooklyn, N. Y. | Jan. 23, 1903 
Murpny, Epwin J., Engineer, Arc Lamp Dept., British Thomson-Houston 
Electric Co., Rugby, Eng. Mar. 28, 1902 
Моврнү, E. Vernon, 319 Equitable Bldg.; res., 2502 Madison Ave., 
Baltimore, Md. Aug. 17, 1904 
Murpny, GeorcE R., Engineer, Operating Dept., The Electric Storage 
Battery Co., 326 Rialto Blg., San Francisco, Cal. Apr. 25, 1902 
Murphy, Jonn Z., Chief Engineer, Chicago Union Traction Co.; res., 1943 
Lexington St., Chicago, IIl. Sept. 25, 1909 
Murray, ALEXANDER Ермох, Electrical Engineer, 513 Calle Cuyo, 
Buenos Aires, Arg. Rep. Jan. 27, 1905 
MustTarRpD, Jonn, Manager, Wagner Electric Mfg. Co., 1617 Real Estate 
Trust Bldg., Philadelphia, Pa. Apr. 22 1904 
Myers, ALFRED Rusu, Assistant Electrical Engineer, International Ry. 
Co.; res., 441 Elmwood Ave., Buffalo, N. Y. Jan. 29, 1904 
Myers, FREDERIC WILLIAM, Superintendent Underground Cables, Alle- 
gheny Co. Light Company, Pittsburg, Pa. Sept. 26, 1902 
Myers, Romaine Wricut, Electrical Engineer, United States Engineers, 
89 Flood Building, San Francisco, Cal. July 19, 1904 
NAGEL, WiLLIAM G., President and Manager, The W. С. Nagel Electric 
Co., 28 St. Clair St., Toledo, Ohio. Feb. 27, 1903 
NAM2A, M., Professor of Electrical Engineering, University of Kioto, 
Kioto, Japan. Apr. 26, 1899 
NAPHTALY, SAM L., Asst. Engineer, San Francisco Gas & Electric Co., 415 
Post St., San Francisco, Cal. Aug. 23, 1899 
Nasu, LuTHER RosBerts, Electrical Engineer, Savannah Electric Co., 
Savannah, Ga. Mar. 27, 1903 


Natu, BANGALORE Dvaraka, Bangalore City, British India. Mar. 25, 1904 
NAUCLER, REINHOLD, Electrical Engineer, 4 Moscbacketorg, Stockholm, 
Sweden. July 28, 1903 
NEALL, Newitt Jackson, Electrical Engineer, Westinghouse Electric & 
Mfg. Co., Pittsburg; res., Edgewood Park, Pa. Oct. 23, 1903 
NEAVE, JOSEPH SWAN, Vice-president, Bullock Electric Mfg. Co., Grandin 
Road, Cincinnati, Ohio. Feb. 27, 1903 
NEEL, ASHBEL CaLoway, Jackson Gas Light Co., Jackson, Miss. 
Sept. 22, 1905 
NEELY, JOHN Crossy, Electrical Engineer, The Arnold Co., 1538 Mar- 
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PonTER, JOHN WILLIAM, Partner, Porter & Berg; res., 960 Flourney St., 
Chicago, Ш. Mar. 27, 1903 
Poste, Н. C. F., Georgia Railway and Electric Co.; res., 87 East Ave., 
Atlanta, Ga. Jan. 29, 1904 
PosTEL, FnEp J., Electrical Engineer, Postel & Linn, 1404 Fisher Bldy.; 
res., 5227 Calumet Ave., Chicago, Ill. Nov. 24, 1905 
Potts, Louis MaxwELL, Constructing Engineer, Rowland Telegraphic 
Co., 107 E. Lombard St., Baltimore, Md. Sept. 6, 1902 
Pott, ARTHUR Henery, Chief Engineer, Metropolitan Electric Tramways, 
Ltd., London, Eng. Nov. 22, 1901 
PoTTER, CARROLL, Superintendent, Electric Storage Battery Co., 19th St. 
and Allegheny Ave., Philadelphia, Pa. Sept. 26, 1902 
PorrER, HERBERT Ѕтовсіѕ, Electrical Engineer and Contractor, 24 
Commercial St., Boston, Mass. May 17, 1904 
PowELL, CHARLES SKRINE, General Agent, Westinghouse Electric and 
Mfg. Co., 111 Broadway, New York City. June 14, 1905 
PoweLL, Epwin BunNrEv, Technician, The New York Edison Co., 38th 
St. and First Ave., New York City. May 21, 1901 


PowELL, Percy Howanp, M.E., 543 Washington Ave., Bridgeport, Conn. 
Sept. 25, 1895 
PowELsoN, WILFRED Улм Nest, Union Electric Light and Power Co., 


St. Louis, Mo. Jan. 24, 1900 
Poynton, WILLIAM PERcIvaL, Foreman Interborough Rapid Transit Co., 
354 W 53d St., New York City. Mar. 25, 1904 
Pratt, ALEXANDER, Supt. Н. R. T. & L. Co.; res., Matlock Ave., near 
Pukoi St., Honolulu, H. T. Jan. 23, 1903 
Pratt, ARTHUR C., Electrician, Missouri River Pr. Co., Canyon Ferry, 
. Mont. Jan. 23, 1903 
Pratt, CHARLES RicHARDSON, Mechanical Engineer, 160 Fifth Ave., New 
"York City; res., Montclair, N. J. May 19, 1903 


Pratt, Lovis WASHINGTON, Secretary Brantford Electric and Operating 
Co., Ltd.; res., 37 Colborne St., Brantford, Ont. Sept. 22, 1905 


PRESSEY, Hanky ALBERT, Civil РИА 408 Colorado Bldg , Washi^g- 


toa, D. С. Dec. 23, 190t 
Price, Cuas. W., Editor, the Electrical Review, 13 Park Row, New York 
City; res., 223 Garfield Pl., Brooklyn, N. Y. ocpt. 19, 1894 
Price, Encar F., Works Manager, Union Carbide Co., 157 Michigan 
Ave., Chicago, Ill. June 27, 1895 
Price, HARoLD WILBERFORCE, Demonstrator in Electrical Engineering, 
School of Practical Science, Toronto, Ont. Dec. 18, 1903 


mum A., Inspector Electrical Locomotives, N. Y. C. R.R. Co., 
merican ‘Locumotive Works, Schenectady, N. Y. Apr. 23, 1903 
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Price, Norman I., Australian General Electric Co., Melbourne, Aus. 
Feb. 28, 1902 


Price, У/пллАм Monte tus, Seattle Electric Co., Seattle, Wash. 
Mar. 25, 1904 
PRINCE, FREDERICK WerLEs, Superintendent of Construction, Hartford 
Electric Light Co.; res., 821 Broad St., Hartford, Ct. Oct. 23, 1903 


Prince, J. Ілоүр, The New York Edison Co., New York City: res., 868 
Flatbush Ave. (Flatbush Station), Brooklyn, N. Y. Feb. 27, 1895 


Proctor, Tuos, L., Marine Electrical Equipment, 149 Broadwav, New 


York; res., Elmhurst, L. I., №. Y. Apr. 18, 1894 
Prosser, Herman A., Manager, De Lamar Copper Refining Works, 
Chrome, N. J.; res., Elizabeth, N. J. Jan. 26, 1898 


Pryce, Ермомр Носн ‚133 Warburton Ave., Yonkers, N. Y. Feb. 26, 1904 
Pupan, HERBERT WuaTMoucH, Chief Electrician, Randfontein Estates 
Gold Mining Co., Ltd., Randfontein, Transvaal, S.A. Sept. 25, 1903 
Punca, FRANKLIN, Electrical Engineer, with H. M. Hobart, Oswaldestre 
| House, Norfolk St., Strand, London, Eng. Jan. 29, 1904 


Pupin, MicHaAEL, I., Adjunct Professor in Mechanics, Columbia Uni- 
versity; res., 280 North Broadway, Yonkers, М. Y. Mar. 18, 1890 


PutnaM, Harry Ames, Cable Tester, J. A. Roebling's Sons Со.; res., 


138 E. Hanover St., Trenton, N. J. May 15, 1905 
Putnam, Henry St. Crair, Associate Engineer, L. B. Stillwell, 2402 
Park Row Bldg., New York City. Mar. 24, 1905 


PuTNAM, ЈоѕеРН Epwanp, Assistant on Electrolysis, Engineering Bureau 
of the City of Rochester, City Hall, Rochester, М. Y. Mar. 27, 1903 
Putt, Harvey J., Chief Electrical Operator, Manhattan Railway Co., 74th 


St. and East River, New York City. Mar. 27, 1903 
Queeny, JOHN T., Salesman, Westinghouse Electric and Mfg. Co., 716 
Board of Trade Bldg., Boston, Mass. Mar. 24, 1905 
QUIGLEY, ARTHUR J., Assistant to Electrical Engineer, J. С. White & Co., 
43 Exchange Place, New York City. Nov. 25, 1904 
Quinan, G&koRGE Егу, Wireman, Tacoma Railway and Power Co.: res., 
410 So. C St., Tacoma, Wash. Aug. 17, 1904 


Quinn, CHanRLES J., JR., Engineer, res., 508 Greene Ave., Brooklyn, 
МУ: Aug. 17, 1904 
RapLEv, Guy Ricrarnson, Foreman Meterand Testing Dept., Milwau- 
kee Electric Railway and Light Co., Milwaukee, Wis. Sept. 25, 1903 
RADTKE, ALBERT Aveustus, 3860 Ellis Ave., Chicago, Ill. Mar. 28, 1902 
Ramsey, James C., JR., Electrical Engineer, The American Woolen Co.; 


res.. Lawrence, Mass. Apr. 23, 1903 
RANDALL, Joun E., Cleveland Lamp Factory, cor. Mason & Beldon Sts., 
Cleveland, Ohio. May 7, 1889 
RANDALL, KARL CHANDLER, Engineer, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. Dec. 19, 1902 


RaANporPH, L. S., Professor of Mechanical Engineering, Blacksburg, Va. 

Feb. 21, 1893 

Ranpoipn, Mervyn Pavr. District Осе Manager, Westinghouse E. & 

M. Co., 314 Occidental Ave., Seattle, Wash. Jan. 24, 1902 
RANKINE, DE Lancy, Niagara Falls Power Co., Niagara Falls, N. Y. 

Mar. 27, 1903 


Ransom, ALLEN Epnwanp, Electrical Engineer, Lewiston Water & Power 


Co., Lewiston, Idaho. Jan. 3, 1902 
RasMAsoN, H. Lewis, Superintendent of Construction, Telluride Power 
Co., Provo, Utah. Aug. 25, 1905 
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Rav, Отто Martin, Chief Electrician and Supt., Lighting Dept., Milwau- 
kee Electric Railway and Light Co., Milwaukee, Wis. Feb. 27, 1903 


Rawson, Hosart, Electrical Engineer, Cincinnati Gas & Electric Со. ; res., 
3737 Clifton Ave., Cincinnati, O. June 15, 1904 


Ray, Lawrence W., Western Electric Co., 259 So. Clinton St., Chicago, 
П. Маг. 24, 1905 


Ray, WEgBsTER WAGNER, Construction Foreman, General Electric Co.: 
сѕ., 109 East 27th St., Minneapolis, Minn. Oct. 27, 1905 


Ray, WiLLIAM D., Engineer, 123 Alger Ave., Detroit, Mich. Sept. 27. 1892 
RAYMOND, EDWARD Brackett, Electrical Engineer, General Electric Co., 


Schenectady, N. Y. May 20, 1902 
RAvMOoND, Francis, III., 1635 Old Colony Bldg., Chicago, Ill. 

Oct. 28, 1904 

Rea, NonMAN LesLie, Construction Department, General Electric Co.; 

res., 228 Liberty St., Schenectady, N. Y. Aug. 22, 1902 

READ, JOHN Rovarr, Electrical Engineer, Canadian Westinghouse Co., 

td., Hadden Block, Vancouver, B. C. Feb. 20, 1904 

Reap, Вовевт H., Patent Attorney, General Electric Co., Schenectady, 

N. Y. Jan. 19, 1892 


REDDING, SAMUEL ARTHUR, Assistant Electrical Engineer, Georgia Rail- 
way & Electric Co., 362 N. Boulevard, Atlanta, Ga. Mar. 25, 1904 


REED, Cuas. J., Electrician, 3313 N. 16th St., Philadelphia, Pa. Mar. 5, 1889 
В вер, FREDERIC Hotty, Vice-president, J. С. White & Co., 43 Exchange 


Pl.; res., 265 W. 815% St., New York City. Apr. 22, 1904 
REED, HARRY D., Superintendent Bishop Gutta Percha Co., 420 East 25th 
St., New York City; res., Newark. N, J. Scpt. 19, 1894 


Reen, Henry A., Secretary and Manager, Bishop Gutta-Percha Co., 422 
East 25th St., New York City; res., Newark, N. J. June 4, 1899 


REED, LYMAN COLEMAN, Spranley & Reed, 919 Hibernian Bank Building, 


New Orleans, La. Mar. 25, 1904 
REED, ROBERT CARTER, Superintendent of Electrical Department, Car- 
negie Steel Co.; res., Conneaut, Ohio. Apr. 23, 1903 
REED, WARREN Bettison, Consulting Engineer, 1011 Hibernia Bank 
Bldg., New Orleans, La. June 14, 1905 
REGESTEIN, ERNEST ALBRECHT, Standard Underground Cable Co., 619 
Westinghouse Bldg., Pittsburg, Pa. May 19, 1903 
REGESTER, CHARLES W., Westinghouse Electric and Mfg. Co., 1220 New 
York Life bldg., Chicago, Ill. Dec. 19, 1902 
RE:cH, WirLiAM I., Engineer, Superintendent's Oflice, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. Mav 19, 1903 
REICHENBACH, FREDERIC, Electrical Assistant, Signal Service, U. S. 
Army, Washington, D. C. May 19, 1903 


REID, CLARENCE ERLE, Case School of Applied Science, Cleveland, О. 
May 19, 1903 


REID, Epwin S., General Supt. and Engineer, National Conduit and Cable 


Co., Oxford Court, Cannon St., London, Eng. Feb. 26, 1896 
К вір, Еосехе J., Draughtsman, New York Edison Co.; res., 1200 Frank- 
lin Ave., New York City. May 15, 1905 
Reip, Harry PALMER, Salesman, Stanley Electric Mfg. Co., 719 Em- 
pire Bldg., Atlanta, Ga. Feb. 26, 1904 


Rip, THOMAS BATCHELOR, 59 Early St., Morristown, N. J. Apr. 28, 1905 
Ер, WiLLIAM, Installing Dept., Kellogg Switchboard and Supply Co., 


Congress and Green Sts., Chicago, П. Мау 21, 1901 
REiLLv, Harry WINNE, J. G. White & Co., 43 Exchange Place, New York 
City. Jan. 3, 1902 
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Reritiy, Jonn C., General Supt., N. Y. & N. J. Tel. Co., 81 Willoughby 


St., Brooklyn, N. Y. Apr. 15, 1884 
REMS-HüEL, Cesar WiLirELM AUGUST, Electrical Engineer, All's-Chalmers 
Co., Seattle, Wasi. Feb. 28, 1902 
RENNARD, Joun CuirrorD, A.B., E.E., Asst. Chief Engineer, New York 
Telephone Co., 15 Dey St., New York City. Jan. 16, 1895 
REeNsHAWw, CLARENCE, Electrical Engineer, Westinghouse Electric and 
Mig. Co., Pittsburg, Pa. 2 Aug. 22, 1902 


RzNsTROM, Frans Oscar, Consulting Electrical Engineer, Pachuca, Mex. 
Feb. 25, 1900 
RENSTRÖM, JONAS ALFRED, Superintendent, Regla Power Transmission, 


Pachuca, Mexico. Nov. 25, 1904 
REPLOGLE, JAMES GILLESPIE BLAINE, Electrical Engineer, Jos. Saltz- 
man Co., ¥81 Milwaukee Ave., Chicago, Ill. Oct. 24, 1902 
RETALLIC, CHARLES, Superintendent, The Light and Power Commission, 
Marquette, Mich. Aug. 25, 1905 
REUTERDAHL, ARvip, President and Chief Engineer, The Reuterdahl 
Electric Co., Providence, R. I. Nov. 22, 1901 
REUTLINGER, CHARLES, Construction Engineer, Chesapeake and Potomac 
Telephone Co., 713 St. Paul St. Baltimore, Md. Apr. 28, 1905 


REevNorps, Epwarp LANDSDALE, Manager of Pennsylvania Sales Office; 
The Electric Storage Battery Co., Philadelphia, Pa. May 19, 1903 
REvNorps, Harry F., Engineer and Superintendent, Marion Light and 
Heating Co., 415 So. Washington >t., Marion, Ind. Mar. 27, 1903 
RgvNorps, Н. H., Chief Electrical Engineer, Kilburn & Co., 4 Fairlie 


Place, Calcutta, British India. Oct. 28, 1904 
REvNorps, Lovis EMBLEE, Superintendent of Distribution, San Fran- 
cisco Gas and Electric Co., San Francisco, Cal. Mar. 28, 1902 


REvNoLps, WILLIAM HENRY, 288 Lenox Ave., New York Citv. 
Nov. 25, 1904 
Кнореѕ, FREDERICK LELAND, Electrical Engineer, American Telephone 


and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
RuopEs, Harry Asp, Chief Engineer. The Colorado Telephone Co., 1447 
Lawrence St.; res., 905 l4th St., Denver, Colo. Mar. 27, 1903 


RiBoN, MARTIN GERMAN, Manager, The Mexican Gas and Electric Light 
Co., Ltd., Bethicnitas No. 203, Mexico City, Мех. May 19, 1903 
Rice, ARTHUR, Engineer, The New York Telephone Co., 30 Gold St.; res., 


453 W. 117th St., New York City. Mar. 27, 1903 

Rice, ARTHUR Lovis, Managing Editor, The Engineer, Publishing Co., 
355 Dearborn St., Chicago, Ш. Oct. 21, 1896 

Rice, Horace ELMER, Philadelphia Electric Co.,; res. 5841 Crittenden 
St., Germantown, Philadelphia, Pa. Aug. 25, 1905 

Rice, Martin P., Chief of Publication Bureau, General Electric Co., 
Schenectady, N . Y. May 21, 1901 


Rice, ВАТ РН HERBERT, Asst. Prof. Elec. Engineering, Armour Institute of 
Technology; res., 5343 Madison Ave., Chicago, Ill. Jan. 29, 1904 
Rice, WitLIAM Jackson, Chief of Supplies, N. Y. & N. J. Telephone Co., 
160 Market St.; res., 43 South St., Newark, N. J. Nov. 24, 1905 
Вісн, Danie, Henry, Engineer, North Platte, Nebraska. Mar. 27, 1903 
Вісн, Francis ARTHUR, Manager, Woodstock G. M. Co., Karangahake, 


Auckland, New Zealand. Jan. 20, 1897 
RicH, SIDNEY LEONARD, Purchasing Agent, B-R. Electric Co.; res., 330 
So. Pryor St., Atlanta, Ga. Feb. 26, 1904 
RICHARDS, Epwarp, Assistant Engineer, Hydro-Ek ‘tric Power Commis- 
sion, 25 Toronto St., Toronto, Ont. Aug. 25, 1905 
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RicHarps, WILLIAM Epcar, General Line Foreman, Toledo Railways and 


Light Co., Toledo. Ohio. Aug. 17, 1904 
RIcHARDSON, Harry Wess, Engineer, Western Electric Co., 463 West 
St., New York City. Apr. 23, 1903 


RicHarpson, Јонм Bectpen, Construction Foreman, Westinghouse Elec- 
tric and Mfg. Co., 120 Liberty St., New York City. Feb. 24, 1905 


RICHARDSON, Josera W. A., Contractor, 715 Union St., New Orleans, La. 
Ар. 22, 1904 


RicHarpson, THomas Smitu, Member of Engineering Corps, Denver Gas 


and Electric Co., Denver, Colo. Mar. 27, 1903 
RicHTBERG, HERMANN ANDREAS, Electrical Engineer, Western Electric 
Co., 463 West St., New York City. Sept. 27, 1901 
RickER, CHARLES W., Elect. Superintendent, Power Stations, 50th St. and 
llth Ave., New York City. Jan. 29, 1904 
RIDEOUT, ALEXANDER C., LL.D., Consulting Elec. and Mech. Engineer, 
Rideout & Gage, 101 Randolph St., Chicago, Ill. Aug. 5, 1890 
Riccs, WArTER Merritt, Professor, Electric Engineering, Clemson Agri- 
cultural College, Clemson College, S. C. Apr. 22, 1904 
Rixo, Yasuo, Electrical Engineer, Department of Communications, To- 
kio, Japan. Oct. 23, 1903 
RiPrLEv, CHARLES Mr:cs, Electrical Engirecr, Otis Elevator Co.; res., 
500 So. Ashland Blvd., Chicago, lil. July 28, 1905 
Rrpprey, S. Howarp, Consulting Engineer, 1301 Stephen Girard Building, 
Philadelphia, Pa. Jan. 29, 1904 
RiPPLE, Paut W., Electrical Engineer, Lehigh Valley Railroad, South 
Bethlehem, Pa, Oct. 28, 1904 
Rise: zv, Harry Lorimer, Resident Engineer, Newcastle Electric Supply 
Co., Carville Power Station, Wallsend, Eng. Jan. 29, 1904 
Рітснів, Tuomas Epwarp, Business Manager, Royce, Ltd.; res., 179 
Barton Rd., Stretiord, Manchester, Eng. May 20, 1902 


Rirscuv, Lewis Jonn, 3817 Sullivan Ave., St. Louis, Mo. Пес. 18, 1903 


RITTENHOUSE, WALTER B., Mechanical Engineer, Great Northern Power 
Co., 315 Providence Building, Duluth, Minn. Sept. 25, 1903 


Rivei, ANTOINE Rusu, Financial and Commercial Editor, Globe-Demo- 
crat; res., 7511 Pennsylvania Ave., St. Louis, Mo. May 19 ,1903 


Ross, Georce C., Erecting Engineer, Stanley Elec. Mfg. Co., 66 New 


Montgomery St., San Francisco, Cal. Jan. 23, 1903 
RonniNs, CHARLES, Salesman, Westinghouse Electric and Mfg. Co., 11 
Pine St., New York City; res., Montclair, N. J. Apr. 23, 1903 
Коввіхѕ, PERCY ARTHUR, Consulting Engineer, 60 Wall St., New York 
tety. June 19, 1903 
RoBERSON, OrivER R., Electrician, Lambertville, N. J. Dec. 20, 1893 
RoBERTs, ALLEN Davipson, Electrician, 124 King St., Kingston, Jamaica, 
West Indies. Nov. 22, 1899 
RoBERTs, SHELDON, Inspector, Columbus Edison Co., res.; 137 W. 
Goodall St., Columbus, Ohio. Feb. 27, 1903 
RoBerts, THOMAS Mayo, Mechanical Draughtsman and Electrical Engi- 
neer, Gen. Elec. Co., 84 State St., Boston, Mass. Dec. 19, 1902 
RoBERTSON, CHARLES Emery, Pittsburgh Reduction Co., 72) Bank of 
Commerce Bldg., St. Louis, Mo. Nov. 25, 1904 


RoBERTSON, Jas. McCarruM, Superintendent, Power Department, Mon- 
treal Light, Heat and Power Co., Montreal, P. Q. Apr. 26, 1901 


RoBERTSON, WILLIAM LeRoy, Philadelphia Electric Co., Ihiladelphia; 
res., 1006 Main St., Darby, Pa. .July 28, 1905 
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Rosinson, ALMon, Webster Road, Lewiston, Me. Sept. 6, 1887 


Rosrnson, ARTHUR L., Manager, Eclipse Mine, Auburn, Placer Co., Cal. 
May 15, 1900 


RoBINSON, CHARLES CLARK, Assistant, Engineering Department, Tellu- 


ride Power Co., Provo, Utah. Aug. 25, 1905 
Rosinson, Ёрум GARDNER, JR., Manager and Superintendent, Skagit 
improvement Co., Sedro- Wooley, Wash. July 19, 1904 
Rosinson, Francis Georce, New York Railway Co.; res., 605 W. 
1 15th >t., New York City. Nov. 21, 1894 
Rosinson, Geo. P., Pacific States Telephone and ш h Co., 216 
Bush St., San Francisco. ay 16, 1899 


Rosinson, JOHN KNOWLTON, Agent, West Coast of South ae West- 
invhouse Elec. and Mfg. Co., Iquique, Chili, S. A. Sept. 26, 1902 
ROBINSON, LAFOREST GEORGE, Engineer, Niagara Falls Centre, Ont. 


Feb. 27, 1903 

ROBINSON, Lewis TAvLon, Fngineer, General Electric Co., Schenectady, 
m "Aug. 17, 1904 

Rocne, Percy, 265 Shady Ave., Pittsburg, Pa. Mar. 27, 1903 
Коск оор, DwicuT CaRRINGTON, Rochester Railway & Light Co., 
Rochester, N. Y. Маг. 22, T901 
RODGERS, ASHMEAD Gray, Assistant Superintendent, The Carborundum 
Co., Niagara Falls, N. Y. Sept. 27, 1901 
ROEBLING, FERDINAND W., Manufacturer of Electrical Wires and Cables, 
Trenton, N. J Tune 8, 1887 
RoepinG, IIgNRY Urnici, Sales Engineer, Jno. Martin & Co., 69 New 
Montgomery St., San Fra 1cisco, Cal. Sep. 25, 1903 
ROEHL, CHARLES Epwarp, Electrical Engineer, Brooklyn Rapid Transit 
Co., 168 Montague St., Brooklyn, №. Y.- Jan. 23, 1903 
RoETTINGER, Ер. MansH, Night Foreman Test Department, Bullock 
Electric Mfg. Co., Cincinnati, Ohio. Feb. 27, 1903 
Rocers, Harry BELL, Salesman, Erner-Hopkins Co., 162 North 3d St., 
Columbus, O. Feb. 24, 1905 
Rocers, Jons Tames RosBert CuaRrrs, Electrical Engineer, Lighting 
Station, Yaralla Concord, Sydney, N. S. W. Мгу 19, 1903 
Rocers, NELsoN W., Electrician, Cooper-Hewitt Laboratory, Madison 
Square Garden Tower, New York City. May 21, 1901 

Кот, ARTHUR F., Sales Engineer, Bullock Electric Mfg. Co., 71 Broad- 
way, New York City. Feb. 27, 1903 
Roman, JosepH Martin, Contracting Engineer, 1013 Century Bldg., 
Atlanta, Ga. Mar. 24, 1905 
Rooke, TroMas, Resident Engineer, Messrs. Preece & Cardew, Town 
Hall, Sydncy, N. S. Wales. Jan. 23, 1903 
Roper, DENNEY W., Electrical Engineer, Chicago Edison Co., 139 Adams 
St., Chicago, ПІ. June 6, 1893 
Кокту, MarcorM CHURCHILL, Superintendent of Traflic. Central Dis- 
trict & Printing Telegraph Co., Pittsburg, Pa. Mar. 27, 1903 

Roseg, SipNEv Leon Errtrorr, Testing Department, General Electric Co.; 
es., 403 Summer St., West Lynn, Mass. Feb. 24, 1905 
RosEBRUvGH, Tuomas REEVE, Professor of Electrical Engineering, Uni- 
versity of Toronto, Toronto, Ont. June 26, 1891 
ROSENBAUM, WM. A., Attorney in Patent Cases, Nassau- Beekman Build- 
ing, 140 Nassau St., New York City. Jan. 3, 1839 


Коѕемвевс, E. M., M.E., 6 W. 90th St., New York City. Oct. 21, 1890 


ROSENBLATT, GIRARD F Electrical Engineer, Westinghouse Electric 
and Mfg. Co., Butte, Mat. Mar. 27, 1903 
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RosENQvEsT, EucENE H., President and General Manager, the Bronx 


Gas and Electric Co., Westchester, N. Y. Mar. 27, 1903 
RosENTHAL, Leon WALTER, Electrical Engineer, Columbia University; 
res., 240 West 137th St., New York City. Aug. 22, 1902 
Ross, Taytor WILLIAM, Ma к News Shipbuilding and Dry Dock Co.; 
res., 3114 West Ave ewport News, Va. Mar. 25, 1896 
Rossman, James G., President B. R. Electric Co., 52 Peachtree St., 
Atlanta, Ga. Sept. 25, 1903 
Коосн, GEORGE CRUIKSHANK, Manager Sales Department, The Packard 
Electric Co., Ltd., St. Catharines, P. Q. Apr. 23, 1903 
Rowe, Georce CLARENCE, Electrical Engineer, Agency, A. E. G., 67 
Oreilly Havana, Cuba. Feb. 27, 1903 


RowLAND, ARTHUR Jonn, Professor of Electrical Enginecring, Drexel 
Institute; res , 4510 Osage Ave., Philadelphia, Pa. Sept. 19, 1894 


ROWLAND, HERBERT Raymonp, Engineer, D. H. Burnham & Co., 1317 


Market St., Philadelphia, Pa. Sept. 26, 1902 
ROWNTREE, BERNARD, Tester, Chicago Telephone Co.; res., 7359 Harvard 
Ave., Chicago, Ill. May 15, 1905 
Royse, WALTER A., President, Royse & Batlev, 16 E. Market St., Indian- 
apolis, Ind. May 19, 1903 
Rucker. BENJAMIN Parks, Electrical Engineer, Westinghouse E. & M. Co., 
Pittsburg, Pa. July 28, 1903 
RuUCKGABER, ALBERT Ёк их, Rapid Transit Subway Construction Co., 
Park Row Building, ‘New York City. Nov. 22, 1901 


RvEBEL, Ernst, Engineer, Ruebel Schwettmann Wells, 301 Chemical 
Building; res., 4649 Cottage Ave., St. Louis. Mo. Apr. 23, 1903 


RurrNER, CHARLES SHUMWAY, Electrician, The Telluride Power Co., 
Provo, Utah. Feb. 28, 1902 


Ruro, Henry Nimis, Traffic Department, The New York and New Jersey 
Telephone Co., 18 Cortlandt St., New York City. Mar. 27, 1903 


Босс, WALTER S., Engineer Westinghouse Elec. & Mfg. Co., 11 Pine St.; 


res., 225 W. 83d St., New York City. Mar. 28, 1902 
RuccLrEÉs, W. ARTHUR, United Rys. Co., 3001 Park Ave., St. Louis, Mo. 
Apr. 28, 1905 


RuSHMORE, SAMUEL W., Pro ipn Rushmore Dynamo Works, 629 
South Ave., Plainfield, Mar. 28, 1903 


RUSSELL, CHARLPS J., District Manager, Philadelphia Electric Co.; res., 
3422 Disston St., Tacony, Philadelphia, Pa. Nov. 25, 1904 


RussEL, EpcaRn, Major, Chief Signal Office, Washington, D. C. 
Nov. 22, 1901 


RussELL, GEoRGE WILLIaM, JR., Electrical Engineer and Contractor, 


Russell & Co., 500 5th Ave., New York City. Jan. 23, 1903 
RusseLL, Н. A., Sales Agent, General Electric Co., res.; 302 Laurcl St.» 
San Francisco, Cal. Nov. 22, 1899 
Rustin, Henry, Electrical and Mechanical Engineer; res., 205 So. 37th 
St., Omaha, Neb. ' Oct. 24, 1900 


RUTHERFORD, JAMES, Switchboard Regulator, New York Edison Co., 117 
W. 39th St.; res., 338 E. 21st St., New York City. Ос. 27, 1905 


RuUTHERFOORD, BRASAZON, Consalting Engineer: Westinghouse Building; 


res., 6327 Howe St., Pittsburg, Pa. July 25, 1902 
Ryan, WALTER D’Arcy, Engineer, General Electric Co., Lynn, Mass. 

Jan. 24, 1902 

Курен, M. P., Supt. of Bronx Dist., New York Edison Co., 140th St. and 

Rider Ave., New York City. May 21, 1901 
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Ryerson, Мм. № EWTON, Superintendent, Ontario Power Co., Niagara 
Falls, Oatar.o. Aug. 23, 1599 


Rypinsk1, Maurice CHARLES, 00 Nassau St., Newark, N. J. 
Mar. 27, 1903 


7 Pierro CELESTINO, Leading Draftsman, Estacion Tallero 
(Т^. C. Sud), Dept. Locomotora, Buenos Aires, А. К. June 19, 1903 


Sace, Darrow, Sayles Bleacheries, Saylesville, R. І. Sept. 27, 1901 
SAGE, FREDERICK BRITTAIN, Room 1302 Havemeyer Building, New 
York Cit v. May 21, 1901 
SAGER, FrepD ANSON, Engineer, The Arnold Co.; res., 6215 Washington 
"Ay 'c., Chicago, Ill. Nov. 24, 1905 
SaHULKA, Dr. JOHANN, Docent of Electrotechnics, Technische Hochschule 
Vienna, Austria. Dec. 20, 1593 
SALOMON, ARTHUR F., Manager, World's Fair Office, Nernst Lamp Со. ; res. 
4512 Cook Ave. , ot. Louis, Mo. Apr. 22, 1904 


SAMMETT, MATTHEW Aves ONDE In charge Testing Department, Mon- 
treal Light, Heat and Power Co., Montreal, P. Q. Mar. 27, 1903 


Sampson, GEORGE HENRY, JR., Electr! cal Engineer, Brittania Copper 
Synd: cate, Ltd., Brittania Beach, D. C. Dee. 19, 1902 


SANBORN, Francis N., 47 Brevoort Pl., Brooklyn, N. Y. Nov. 24, 1891 
SANDBORGH, ООР ALFRED, Designing Engineer, Westinghouse E. & M. 


Co., Pittsburg, Pa. Mar. 27, 1903 
SANDELL, SIXTEN Otto, Draftsman, New York Edison Co.; res., 1264 
Lexington Avc., New York City. Feb. 24, 1905 
SANDERSON, EpwiN N., Of Sanderson & Porter, Engineers and Contractors 
52 William St., New York City. Oct. 17, 1894 
SANFORD, EARL L., (ойнооп Engineer, Canadian Westinckouse Co., 
Ltd., Ham: дол, Ont. Apr. ~ 1903 
SANFORD, GeorGE Ebwixn, Electrician, General Electric Co.; s., 19 
Папоусг St., Lynn, Mass. Apr. 23, 1908 
SANFORD, VAnazN Dixnv, Dosigning Engineer, United Telpherage Co., 
2) Broad St., New York City. Nov. 25, 1994 
SANGSTER, Josuua, Power House S: wt., Hamilton Electric Light and 
Cataract Power Co., Power Glen, Ont. Jan. 23, 1903 
SANVILLE, IIExRv F. [/, сб] Secretary), Electric Railway Material, 710 
Girard Trust Building, Philadelphia, Pa. Feb. 28, 1901 
SARENGAPANI, T. S., IIcad Draftsman, P. W. I:arantattamkndy, Tanjore, 
Madras, India. Mar. 27, 1903 


SARGENT, FRAN C., Chicf Electrician, Malden Electric Co., Malden, Mass. 
Feb. 26, 1904 
SARGENT, TlowarD R., Electrical Engineer, General Electric Co., res.; 


29 Wendell Avc., Schenectady, N. Y. Mar. 25, 1896 
SATHERBERG, CARL Посо, Chicf Engincer, The Midvale Steel Co., Nice- 
town Philadelphia, Pa. Aug. 5, 1596 
SAVAGE, Henry, Electrician, IHenley's Telegraph Works Co., 27 Martins 
Lane, Cannon St., London, Eng. Jan. 29, 1904 
Sawin, GEORGE ALFRED, Assistant Engineer, Meter Department, General 
Electric Co., Lynn, Mass. Apr. 23, 1903 
Sawyer, Вивтом MANSFIELD, Manufacturers’ Agent, 440 Conp Building, 
Los Angeles, Cal. Nov. 20, 1908 
SAWYER, WiLLETS IIERBERT, Engineer, Ford, Bacon & Davis, 24 Broad 
St., New York C. ty. Feb. 28, 1902 
SAXELBY, Freperick. Electrical Engineer, 39 Cortlandt St., New York 
City; res., Last Orange, N.J. : June 5, 1558 
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SayLes, Henry Wuitman, Electrical Engineer, Diamond Meter Co., 926 


South Adams St., Peoria, Ill. Mar. 24, 1905 
SAYLOR, FREDERICK ALEXANDER, c/o Charles G. Thrall, 15 O'Reilly St. 
Пе Member.] Havana, Cuba. Jan. 24, 1900 
ScanrE, GEORGE, Division Superintendent, California Gas and Electric 

Co., Nevada City, Cal. Sept. 25, 1903 
ScaARLETT, WILLIAM, Engineer, United Telephone & Telegraph Co. of Phil- 

adelphia, 801 N. 6th St., Harrisburg, Pa. July 28, 1903 


SCHABINGER, FREDERICK, Switchboard Operator, Interborough Rapid 
Transit Co.; res., 158 West 96th St., New York City. Mar. 24, 1905 
SCHAFER, OLIVER MILTon, Superintendent, Fire Alarm and Police Tele- 


graph, 30 W. State St.. Trenton, N. J. Apr. 22, 1904 
Scuanr, HENRY Warren, Assistant Engineer, New York City Railway 
Co., 621 Broadway, New York City. July 28, 1903 
Scuaus, CARL JOSEPH, Student, Columbia University, New York City; 
res., 111 St. Paul's Ave., Tompkinsville, N. Y. Jan. 29, 1904 
SCHIAFFINO, Mariano L., Chief Electrician, Compania de Luz Electrica, 
Guadalajara, Mexico. Feb. 28, 1900 
Ѕсніск, DANIEL FREDERICK, Asst. Engineer Incandescent Lighting, Phila- 
delphia Electric Co., Philadelphia, Pa. July 19, 1904 
Scuier, Отто L. J., Electrical Draughtsman, New York Edison Co., 55 
Duane St., New York City. Sept. 22, 1905 
SCHILDHAUER, Epwarp, Engineering Department, Chicago Edison Co., 
139 Adams St.. Chicago, Ill. Nov. 22, 1901 
SCHILLER, FRED WILLIAM, Foreman Meter Department, Utica Gas and 
Electric Co.; res., 82 Oneida St., Utica, N. Y. Apr, 28, 1905 
ScHLosseER, FRED. G., Laclede Gas Light Co., 2721 Adams St., St. Louis, 
Mo. Sept. 22, 1892 


SCHLUEDERBERG, CARL GEorGE, 210 No. Craig St., Pittsburg, Pa. 
July 25, 1902 


ScuLuss, Kurt, Superintendent of Power, Tacoma Railway and Power 


Co., Box 700, Tacoma, Wash. Feb. 27, 1903 
Ѕснмір, Ernest E., Arc Lamp Expert, General Incandescent Light Co., 
51 Perin Building, Cincinnati, Ohio. Mar. 27, 1903 
Ѕснмірт, Cras. J., Patent Solicitor, with Charles A. Brown, Attorney, 1450 
Monadnock Building, Chicago, Ill. Jan. 9, 1901 
Ѕснмірт, Henry FREDERICK, Engineer, Douglass Robinson, Chas. S. 
Brown & Co., 160 Broadway, New York City. May 20, 1902 
SCHMIDT, LAMBERT, President, The Lambert Schmidt Tel. Mfg. Co., 85 
Maple St., Weehawken, N. J. Nov. 22, 1901 


Ѕснмірт, Lours Mitton, Engineer Alternating Department, General 
Electric Co.; res., 76 New Park St., Lynn, Mass. May 19, 1903 


Ѕснмірт, WaLTEr, Mechanical Engineer, Westinghouse Electric and Mfg. 


Co.; res., 4955 Center Ave., Pittsburg, Pa. Apr. 23 ,1903 
ScHMITT, FREDERICK E., Associate Editor, Enginecring News, 220 Broad- 
way, New York City. Nov. 20, 1903 
ScHNUCK, EDWARD FREDERICK, General Superintendent, Arbuckle Bros.; 
res., 119 E. 19th St., Brooklyn, N. Y. Feb. 27, 1903 
SCHNEIDER, CARL ALBERT, Assistant in Electrical Engineering Depart- 
ment, Columbia University, New York City. May 17, 1904 


SCHOEPF, THEODORE HaNsMaANN, Electrical Engineer, Br. W. E. & M. 
Co., 2 Norfolk St., Strand, London W. C. Englaad. Mar. 24, 1905 
SCHONHEIDER, RUDOLPH CHARLES, Chicago, Burlington and Quincy R. R.; 
res., Highwood, Minn. pr. 23, 1903 
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SCHOOLFIELD, FRANK RosBert, Chief Mechanical Draughtsman, Brooklyn 
Rapid Transit Co., 85 Clinton St., Brooklyn, N. Y. May 16, 1899 
SCHREIBER, GEonGE E., Consulting Engineer, Bary and Schreiber, 723 
Mermod and Jaccard Bldg., St. Louis, Mo. Feb. 24, 1905 
SCHREIBER, HERMAN Victor, La Mott, Pa. Sept. 25, 1903 
ScHREIRER, MARTIN, Assisting Engineer, Public Service Corporation of 
New Jersey, 29 Exchange Pl., Jersey City, N. J. Apr. 23, 1903 


ScHRENK, ARNOLD, Inspector, N. Y. C. & H. К. R.R., New York City. 
June 19, 1903 


SCHUCHARDT, RUDOLPH Freperick, Electrical Engineer in Testing Labor- 
atory, Chic. Edison Co., 139 Adams St., Chicago, Ill. Apr. 23, 1903 


ScuuETZ, FREDERICK. Solicitor of Patents, 132 Nassau St., New York 


City; res., 55 Johnson Ave., Newark, N. J. ^. Mar. 27, 1903 
ScHULER, L., Electrical Engineer, Lahmeyer Co., Hochster Str. 45, 
Frankfurt A/M, Ger. May 17, 1904 
ScuvM, Cuas. H., Electrical Engineer, Burke Electric Co., Erie, Pa. 
Feb. 23, 1898 
ScHwaB. Martin C., Consulting Engineer, Adams & Schwab, 7 Clay St., 
Baltimore, Md. Nov. 18, 1896 
SCHWABACHER, FRANK, Stockton Milling Co., 112 California St.; res., 1900 
Jackson St., San Francisco, Cal. May 17, 1904 
ScHWABE, WALTER P., Supt. Rutherford Dist., The Gas and Electric Co., 
of Bergen Co., Rutherford, N. J. May 19, 1896 


ScHWARTZ, CARL, Electrical Engineer, N. Y. C & Н. R. R.R., 5 Vander- 
bilt Ave; res., 343 St. Nicholas Ave., New York City. Feb. 27, 1903 
ScHwarz, Ermer H., Electrical Engineer, 1125 Lexington Ave., New 


York City. Dec. 18, 1903 
SCHWAUHAUSSER, FREDERICK, JR., Clerk, Charles Beseler Co.; 251 Centre 
St., New York City. Mar. 27, 1903 


ScHWEITZER, EpMuND Oscar, Testing Laboratory, Chicago Edison Co., 
139 E. Adams St.; res., 1906 Oaxdale Ave., Chicago. Feb. 15, 1899 
ScHWENNICKE, PauL H., Cur.. Managerof Berginhe Electric Works; res., 
129 Croncuberger Sts., Solingen, Germany. May 19, 1903 
ScHWERMER, FELIX THEODOR, Construction Engineer, Room 1, Ruggery 
Building, Columbus, O. Feb. 27, 1903 
ScoriELDp, Epwarp H., Electrical Engineer Twin City Rapid Transit Co., 
2700 Blaisdell Ave., Minneapolis, Minn. May 19, 1903 


Scott, ARTHUR CuRTIS, Professor of Electrical Engineering, University 
of Texas, Austin, Texas. June 19, 1903 


Scott, ALEXANDER HucH, 816 Holland Ave., Wilkinsburg, Pa 
June 15, 1904 


‘Scott, Скокск ALVIN, Chicago Edison Co., 139 Adams St., Chicago, 111. 
June 19, 1903 


Scott, HERBERT ÁsHTON, Assistant Electrical Engineer, West Virginia 
Pulp and Paper Co., Luke, Md Aug. 25, 1905 
Scott, JAMES ALEXANDER, Construction Dept., Westinghouse Electric 
and Mfg. Co., Bank of Commerce, St. Louis, Mo. Aug. 17, 1904 
a CROoMBIE, Manager Borough Electrical Works, Gore, Otago, 


ew Zealand. July 19, 1903 

Scott, Quincy Apams. Electrical Engineering Department, Westinghouse 
Electric and Mfg. Co., Pittsbury, Pa. Dec. 19, 1902 
Scott, RoBERT Jeran, Professor of Engineering and Electricity, New 
Zealand University, Christchurch, N. Z. Oct. 24, 1902 
Scott, SAMUEL, Storage Battery Expert, Jeffrey Mfg. Co.; res., 332 Don- 
aldson St., Coluinbus, O. Feb. 26, 1904 
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Scorr, WiLLIAM Артнов, Edison Electric Illuminating Co., 3 Head 


Place, Boston, Mass. Apr. 28, 1905 
Scott, Wm. M., Electrical Engineer, The Cutter Electric and Mfg. Co., 
19th and Hamilton Sts., Philadelphia, Pa. . . June 23, 1897 


ScoviLLE, GEORGE ALBERT, Engineer, Dean Electric Co., Elyria, О. 
Aug. 25, 1905 


ScRIBNER, CHARLES E., Engineer, Western Electric Co., 259 South Clinton 


St., Chicago, Ш. Mar. 28, 1902 
Scrusy, RoBiNeEtT, Electrician, National Cash Register Co., Dayton, О. 
Apr. 23, 1903 


бсоррев, HEWLETT, JR., General Electric Co., Schenectady, №. Y. 
Nov. 22, 1899 
SEABROOK, Henry Hami ton, Office, Westinghouse E. & M. Co., Conti- 


nental Trust Building, Baltimore, Md. Jan. 24, 1902 
SEAMAN, Epwin Hopkins, Electrical Engineer, with Е. A. C. Perrine. 
60 Wall St., New York City. Mar. 27, 1903 
SEAMAN, ЈоѕЕРН B., Chief of Testing Dept., Philadelphia Electric Co., 122 
Arch St., Philadelphia, Pa. May 19, 1903 


SEARING, Lewis, Vice-president and Gencral Manager, Denver Engincer- 
ing Works, Co., 901 East Tenth Ave., Denver, Colo. Apr. 3, 1888 


SEARLES, A, L., Electrical Engineer, Fort Wayne Electric Works, 222 


Houseman Building, Grand Rapids, Mich. Apr. 18, 1894 
SEARS, CHARLES ANDERSON, Superintendent of Power House, Puget, 
Sound Power Co., Electron, Wash. Jan. 27, 1905 
SEDGWICK, AUGUSTUS VALENTINE, Meter Tester N. Y. Edison Co., 117 
West 39th St., New York City. Mar. 24, 1905 
Sepewick, C. E., Mechanical Export Department, Galena Signal Oil 
Co., Franklin, Pa. Feb. 23, 1898 
Sez, Atonzo B., А. B. See Electric Elevator Co., 220 Broadway, New 
York City; res., Lake Mahopac, N. Y. Jan. 17, 1893 
See, Pierre V. C., Car Inspector, Metropolitan West Side Elevated Rail- 
way; res., 405 64th St., Chicago, Ill. Dec. 23, 1904 
SEEDE, JOHN AvcvsrINE, Designing Engineer, General Electric Co.; res., 
133 Lafayette St., Schenectady, N. Y. Feb. 26, 1904 
SEIDELL, THoMAS GRACEN, Georgia Railway and Electric Co.; res., 46 
Irwin St., Atlanta, Ga Apr. 28, 1905 
SELDEN, ANDREW KENNETH, JR., 12 Schuyler St., Bayonne, N. J. 
| Apr. 23, 1903 
SEMENZA, Соро, Chief Electrical Engineer, Italian Edison Co., of Milan, 
4 Via Paleocapa, Milan, Italy. May 20, 1902 
SEMPLE, Bert Ernest, Meter Expert, General Electric Co.; res., 38 Wal- 
ton P1., Chicago, Пі. Nov. 21, 1902 
SENsTIUS, SEBASTIAAN, Electrical Engineer, Triumph Electric Co., 
Cincinnati, Ohio. Feb. 27, 1903 
SERGEANT, ELLioT Mattuews, Chief Engineer, General Storage Battery 
Co., Boonton, N. J. Nov. 25, 1904 


SERRELL, ARTHUR HAROLD, Patent Solicitor, L. W. Serrell & Son, 302 
Broadway, New York City; res., Brooklyn, М. Y. Маг. 25, 1904 


SERRELL, LEMUEL Wm., Mechanical and Electrical Engineer, 99 Cedar St., 
New York City; res., Plainfield, N. J. Nov. 1, 1887 


Sessions, Epson O Iver, Sales Engineer, Stanley E. Mfg. Co., Monad- 
nock Block, Chicago, Ill. Mar. 28, 1902 


SESSIONS, FRANK Lorp, Mechanical and Electrical Engineer, The Jeffrey 
Mfg. Co., Columbus, Ohio. Nov. 21. 1902 
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Sessions, WALTER SAMUEL, Electrical Engineer, 618 So. Bonnie Brae 


St., Los Angeles, Cal. Sept. 25, 1903 
SEYFERT, STANLEY SYLVESTER, Instructor, Lehigh University: res., 448 
Vine St., So. Bethlehem, Pa. Mar. 24, 1905 


SHAAD, GEORGE Cant (Local Secretary], Instructor in Electrical Engineer- 
ing Dept., University of Wisconsin, Madison, Wis. Feb. 27, 1903 


SHAAL, RonrRT Canr, Sales Engineer, General Battery Co., 42 Broadway. 


New York City. Sept. 22, 1905 
SHANE, ApoLPH, Acting Assistant Professor of Electrical Engineering. 
Iowa State College, State College, Ames, Iowa. Dec. 23, 1904 
SHARER, CARL WapswoRTH, Electrical Engineer, 2224 Tioga St., Phila- 
delphia, Pa. Mar. 25, 1904 
SHARP, CLAYTON HarszEv, Test Otticer, Electrical Testing Laboratories, 
80th St. & East End Ave., New York City. Feb. 25, 1902 
SHARP, JOHN TnoMas, Chief Engineer, Capital Light and Power Co., 
Jackson, Miss. Dec. 15, 1905 
SHARPE, FREDERICK Влѕѕетт, Manager, The Liberty Light and Power Co., 
Liberty, N. Y. Mav 19, 1903 


SHAW, ALBION WALKER, Electrical Engineer with Stone & Webster. 84 
State St., Boston; res., 25 Pierce St., Malden, Mass. Oct. 19, 1902 


Suaw, ALoNzo Benjamin, Electrical Engineer, Terra Haute Traction 


and Light Co., Terra Haute, Ind. Sept. 25, 1903 
SHaw, AwBREY Norman, Draftsman, А. B. See Electric Elevator Co.; 
res., 298 Carlton Ave., Brooklyn, N. Y. Mar. 28, 1900 


SHAW, FRED MENZIES, Tester, General Electric Co., Lynn, Mass. 
Apr. 22, 1904 
SHaw, Henry M., Treasurer, Shaw Engineering and Mfg. Co., Newark; 


res., 145 No. 17th St., East Orange, М. J. Feb. 24, 1905 
Suaw, Howarp Burton, Professor Electrical Engineering, Missouri State 
University, Columbia, Mo. Apr. 28, 1897 
SHAW, Joun AITKEN, Engineer, Montreal Light, Heat and Power Co.; 
res., 60 St. Luke St., Montreal, Can. Aug. 17, 1904 
Suaw, У\УпллАМ Davipson, Testing Department, General Electric Co.. 
Schenectady, М. Y. May 15, 1905 
SHEALY, Enwarp Marvin, Instructor in Steam Engineering, University 
of Wisconsin, 604 Francis St., Madison, Wis. Jan. 27, 1905 
SHEARER, J. Harry, Electrical Engineer, National Electric Light Со, 
Mexico City, Mexico. Jan. 24, 1900 
SHELDON. EpwaRp Erris, Member of Firm, Frost & Sheldon, 47 Hudson 
Ave., Albany, М. Ү. Apr. 25, 1902 
SHEPARD, FREDERICK MEAD, Fanwood, N. J. Mar. 27, 1903 
SHEPHERD, FRANK ROLAND, Assistant Engineer and Business Manager, 
Noyes Brothers; res., Roslyn, Dunedin, N. Z. Sept. 25, 1903 
SHEPHERD, Harry LAWRENCE, Assistant, Ralph D. Mershon, 620 Walnut 
St., Niagara Falls, N. Y. Aug. 25, 1905 
SHEPHERD, JosEPH, Electrical Engineer, London County Council Tram- 
ways, London, Eng. Nov. 24, 1905 
SuEgRwoop, Encar F., Superintendent of Traffic, New York Telephone 
Co., 122 E. 18th St., New York City. Mar. 28, 1902 
SHERWOOD, Irvine Howano, Electrical. Engineer, Peoples Light and 
Railway Co., Streator, Ш. May 19, 1903 


SuiBUSAWA, Morojt, 4 Fukuzumi cho. Fukagawa, Tokyo, Japan. 
Mar. 24, 1905 
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SHIEBLER, Marvin, Assistant, Consolidated Gas Co. of New York, 4 


Irving Pl.. New York City. Jan. 27, 1905 
Suimipzu, Sorcurgo, Engineer, 4560 Lafayette Ave., Norwood, Ohio.  * 
Dec. 18, 1903 

Ѕнімјо, Yosuro, Electrical Engineer, Tokyo Electric Co, Amishirocho, 
Azabuku, Tokyo, Japan. Feb. 24, 1905 
SuiPLEv, PauL Raven, Electrician, Harriman System of Railroads, 
S. P. Co., Ogden, Utah. May 15, 1905 


SHIPMAN, BENNET CARROLL, Construction Engr., Westinghouse Elec. & 
Mfg. Co., Continental Trust Bldg., Baltimore, Md. Jan. 23, 1903 


SuiRAs, OLIVER, Engineer, Rome, N. Y. Mar. 24, 1905 
SHIRLEY, JAMES JosEPH, Engineering Apprentice, Westinghouse Electric 
Mfg. Co., Mexico City, Mexico. May 15, 1905 
Suock, Tiros. A. W., Electrical Engineer, York Haven Water and Power 
Co.; res., 224 Carlisle Ave., York, Pa. Mar. 20, 1885 
SHuMAN, ]о$ЕРН Henry, Assistant Electrical Engineer, Boston Elevated 
Railway, 552 Harrison Ave., Boston, Mass. June 14, 1905 


SHUSTER, Jonn WESLEY, Assistant Professor of Electrical Engineering, 
Univ. of Wis.; res., 235 W. Gilman St., Madison, Wis. Jan. 3, 1902 


SIBLEY, ROBERT, Professor, Mechanical Engineering | Department, 


University of Montana, Missoula, Mont. Oct. 23, 1903 
SIEBER, FERDINAND, Electrical Engineer, Westinghouse Electric & Mfg. 
Co., East Pittsburg, Pa. Aug. 17, 1904 
SIEBERT, ALGERNON T., Experimentalist, Pyro Electric Co., 162 Alden 
St., Orange, N. J. May 20, 1902 
SIEGFRIED, JoSEPH Henry, Union Electric Light and Power Co., St. 
Louis, Mo. Nov. 20, 1903 
StcoURNEY, WILLARD Henry, Consolidated Railway Co.; res., 115 
Greene St., New Havea, Conn. Mar. 27, 1903 


SILVER, EARrL D., Chief Engineer, State Prison, Michigan Citv, Ind. 
May 19, 1903 


Ѕімом, ARTHUR, Electrical Engineer, Cutler-Hammer Mig. Co., Mil- 


wzukee, W's. Sept. 25, 1903 
Simons, Ion, City Electrician, Charleston, S. C. june 19, 1903 
SrMoNTON, Mang, General Manager and Treasurer, the Electric Supply 

and Construction Co., Columbus, Ohio. Mar. 27, 1903 
SIMPSON, ALEXANDER B., Electrical Engineer, 126 E. 41st St.. New York 

City. May 21, 189I 
SiMPSON, FREDERICK GRANT, General Manager, Ballard Electric Co., 526 

23d Ave., Seattle, Wash. Mar. 25, 1904 
Simpson, J. MANLEY, Minneapolis Steel and Machinery Co., Minneapolis. 

Minn, Jan. 25, 1899 
Simpson, Tuomas T., Consulting Engineer, 55 Sparks St., Ottawa, Ont. 

Jan. 23, 1903 
SiNCLAIR, ANGUS, Editor and Publisher, Railway and Locomotive Engtn- 
eering, 130 Liberty St., New York City. Dec. 18, 1903 


SINCLAIR, JOHN J., Engineer, Westinghouse E. &. M. Co., Pittsburg, Pa. 
Jan. 23, 1903 
SiNcLAIR, LinDLEY Epcar, General Superintendent, Potomac Electric 
Power Co.; res., 3318 O St., Washington, D. C. July 28, 1903 
SIRRINE, JOSEPH Emory, Mill and Hydraulic Engineer, Greenville, S. C. 
Apr. 28, 1908 
SisE, CHARLES F., President, Bell Telephone Co., of Canada, Montreal) 
Can. . . June.8, 1887 
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SKELDING, ARTHUR BERTRAM, General Manager, Consolidated Railways 


Light and Power Co., Wilmington, N. С. June 19, 1903 
SKINNER, WILLIAM ELBERT, Manager, Canadian Westinghouse Co., Ltd., 
Winnipeg, Manitoba. Nov. 25, 1904 
SkinRow, JOHN F., Electrician, Postal-Telegraph Cable Co., 253 Broad- 
way, New York City; res., East Orange, N. J. Sept. 25, 1895 
Ѕкос, GustaP EMANUEL, Erecting Engineer, 56 Gamla Brogatan, Stock- 
holm, Sweden. May 17, 1904 
SLADE, ARTHUR J., Ph:D., Mechanical Engineer, 4 E. 42d Street, New 
"York City; res., 47 E. 58th St., New York City. Sept. 19, 1894 


SLADEN, Harry S., Superintendent Street & Installation Dept., Portland 
General Electric Co., Portland, Ore. Oct. 27, 1905 


SLATER, CLARENCE COULTER, General Superintendent, Columbus Public 
Service Со. ; res., 98 McMillen Ave., Columbus, О. = Jan. 27, 1905 


SLATER, FREDERICK R., Electrical Engineer, 2415 Park Row, Building 
New York City; res., 14 Arthur St., Yonkers, N. Y. Oct.,17, 1894 


SLOAN, JAMES RICHARD, Electrician, Motive Power Dept., P. R. R., 
‘Altoona, Pa.; res., 607 West 61st P1., Chicago, Ill. Feb. 28, 1902 


SLOANE, THOMAS O'CONOR, Jr., General Contractor, 76 William St., 


New York City. Oct. 23, 1903 
SMALLPEICE, FRANK CLIPFORD, Engineer, Canadian General Electric Co., 
Ltd., Peterborough, Ont. Jan. 29, 1904 


SMETHURST, WILLIAM ARTHUR, Smethurst & Allen, North American 
Building, Philadelphia, Pa.; res., Washington, D. C. May 19, 1903 


SMITH, ALLARD, Superintendent of Consturction, Chicago Telephone Co. ; 


теѕ., 1983 Kenmore Ave., Chicago, Ш. July 28, 1905 
SMITH, ARTHUR BESSEY, Purdue University, Lafayette, Ind. 
Mar. 25, 1904 
SMITH, CLEMENT ALFRED, Electrical Engineer, Chili Telephone Co., 
Casilla 397, Santiago, Chili. Dec. 18, 1903 
Ѕмітн, Dow S., General Superintendent, Brooklyn Rapid Transit Co., 
Brooklyn, N. Y. July 25, 1903 
SmitH, Emor A., Wire Chief, Southern №. E. Telephone Co.; res., 427 
Main St., Hartford, Conn. Dec. 18. 1903 
SMITH, FRANCIS C., Gen. Supt. Harry Alexander, 18 West 34th St.; res., 
912 Home St., New York City. Jan. 23, 1903 
SMITH, FRANK WARREN, Superintendent, The Cutler-Hammer Mfg. Co., 
56 Clark St., Westtield, N J. Sept. 27, 1901 
Ѕмітн, FRANK WHITNEY, Secretary, United Electric Light and Power Со., 
1170 Broadway, New York City. Apr. 28, 1905 


SMITH, HARRISON ARTHUR, Salesman, General Electric Co., Chicago, 111. 
Apr. 23, 1903 
Ѕмітн, HENRY LAWRENCE, Electrical Engineer, General Electric Co.; res., 


23 State St., Schenectady, N. Y. May 15, 1905 
SuiTH, HARRISON WILLARD, Instructor of Electrical Engineering, Mass. 
Institute of Technology, Boston, Mass. Jar. 29, 1904 
SuirTH, HanTLEY Le Huray, Chief of Testing Bureau, Brooklyn Hts. R.R. 
Co., 3d Ave. & 2d St., Brooklyn, N. Y. Nov. 25, 1904 
SuiTH, HAYDEN Hornart, Manager, New York Office, The Thresher 
Electric Co., 17 Battery Pl., New York City. Dec. 19, 1902 
SMITH, HERBERT WILMONT, Salesman, Stanley Electric Mfg. Co., Oliver 
Bldg., 141 Milk St., Boston, Mass. Mar, 24, 1905 
SuiTH, Howarp F., Martin's Ferry, Ohio. Apr. 23, 1903 
SuiTH, IRVING B., Paner, The Wirt Electric Co., 180 Broadway, New 


York City. May 15, 1900 
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SurTH, Irvine УЎпллАмз, Electrician, Bishop Gutta Percha Co., 420 E. 


25th St.; res., 5 W. 90th St., New York. Jan. 9, 1901 
SHITE ови ALLAN, Manager Boston Office, Fort Wayne Electric 
orks, 110 State St., Boston, Mass. an. 23, 1903 

SMITH, J. Вкорів, General Manager, Manchester Traction, Light and 
Power Co., 46 Hanover St., Manchester, N. H. Mar. 21, 1894 
SMITH, JAMES Norman, Electrical Engineer, Ross & Holgate, 80 St. 
rancois Xavier St., Montreal, Р. Q. Mar. 27, 1903 

SMITH, JOHN Hays, Engineering Department, Westinghouse Electric and 
Mfg. Co., Pittsburg, Pa. Mar. 27, 1903 


SMITH, JULIAN CLEVELAND, Superintendent, Shawinigan Water and 
Power Co., 1724 Notre Dame St., Montreal, P. Q. . Nov. 20, 1903 


SMITH, LEONARD Grant, Chief Clerk to General Manager, 1001 Royal In- 


surance Bldg., Chicago, Ill. Oct. 27, 1905 
SMrTH, LEsTER, Meter Department, Philadelphia Electric Co., 122 Arch 
St., Philadelphia, Pa. Jan. 29, 1904 


Ѕмітн, Lovis CLARENCE, Foreman of Meter Wiremen, etec., Edison Elec- 
tric Light Co., of Philadelphia; res. Woodbury, N. J. Apr. 23, 1903 


SMITH, OBERLIN, President and Mechanical Engineer, Ferracute Machine 


Co., Lochwold, Bridgeton, N. J. May 19, 1891 
SMITH, ROBERT ARMSTRONG, JR., Engineer, J. G. White Co., 43 Exchange 
Pl, New York City. Oct. 27, 1905 
Ѕмітн, RoBERT JAMES, Superintendent, Canadian Electric and Water 
Power Co., Ltd., Perth, Ont. May 17, 1904 
SmitH, SAMUEL Ногмеѕ, JR. Engineer, Stanley Electric Mfg. Co., 
Empire Bldg., Atlanta, Ga. Feb. 26, 1904 


SMITH, SAMUEL JAMES, 202 So. Tryon St., Charlotte, №. C. Oct. 24, 1900 
SmitH, SAMUEL Newton, President, North Shore Reduction Co., Ltd., of 
Ontario, 424 Andrus Building, Minneapolis, Minn. Oct. 25, 1901 
Smitu, SAMUEL WiLLIAM, Canadian Westinghouse E. & M. Co., Room 76, 
Liverpool, London & Globe Bldg., Montreal, P. Q. Sept. 27, 1901 


SmitH, WALTER EvGENE, Electrician, The Unitd States Navy Departt- 
ment, Midvale Steel Works, Philadelphia, Pa. Feb. 28, 1900 
Ѕмітн, WALTER F., 412 О. С. I. Bldg.; res., 2010 Ontario St., Philadelphia, 
Pa. July 26, 1900 
Ѕмітн, WiLLIAM Netson, Electrical Engineer, Westinghouse, Church, 
Kerr & Co., 8 Bridge St., New York City. Mar. 28, 1902 


Smitu, WM. Stuart, О. S. N., 2538 Dwight Way, Berkeley, Cal. 
July 26, 1901 


Ѕмүтне, Epwin Hutcutson, Rector & Hibben, 1625 Monadnock, 


Chicago; res., Freeport, Ill. Apr. 23, 1903 
Snook, Homer CLYDE, Manager, Roentgen Manufacturing Со. ; res., 5414 
Norfolk St., Philadelphia, Pa. Sept. 22, 1905 
Snow, Jonn E., Associate Professor in Electrical Eng'neering Department, 
Armour Institute of Technology, Chicago, ПІ. Mar. 27, 1903 
SNOWDEN, LAWRENCE WILMER, Foreman, Rowland Telegraphic Co., 107 
E. Lombard St., Baltimore, Md. Dec. 15, 1905 
SNYDER, FREDERICK TiTCoMB, Treasurer, Canada Zinc Co., Vancouver, 
B. C.; res., Oak Park, 111. May 15, 1905 


Snyper, Harry Ray, H. Gilliam, 111 Broadway, New York City. 
Nov. 25, 1904 


Snyper, Henry NicHoLas, Oxnard, Cal. Apr. 22, 1904 
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Snyper, NATHANIEL Marion, 1200 T St., Lincoln, Nebraska. | 
Nov. 23, 1900 


SoLoMOoN, NATHAN CLARENCE, Hawthorn, №. Y. 
Aug. 22, 1902 


SOMELLERA, GABRIEL F., Partner, Salcedo & Co., Mexico, Mex. 
Apr. 25, 1900 


Somers, Louis A., Stanley G. I. Electric Mfg. Co., Room 811, Citizens’ 


Bldg., Cleveland, O. june 14, 1905 
SOREN, TowNsEND Норсеѕ, Electrical Engineer, General Electric Co., 
Schenectady, N. Y. Nov. 22, 1901 
SouTHWoRTH. Martin O., Chief Engineer, Commercial Electric Co., 
Indianapolis, Ind. Feb. 27, 1903 
Sowers, Davin W., President, Н. W. Dopp Co., 1300 Niagara St.; res., 
67 W. North St., Butfalo, N. Y. July 18, 1899 


SOXMAN, GEORGE MEADE, Constructing Telephone Engineer, Southwest- 
ern Tel. and Tel. Co., 335 State St., Dallas, Tex. Dec. 15, 1905 


Spain, Harry GvTHRIE, Electrician to Post Office of Colony, Telegraph 


and Telephone, Georgetown, British Guiana. May 19, 1903 
SPALDING, Рнилр LEFFINGWELL, Engineer, The Bell Telephone Co., 
Philadelphia, Pa. May 20, 1902 
SPALDING, SAMUEL ALBERT, Superintendent of Power, Brooklvn Heights 
К.К. Co., 168 Montague St., Brooklyn, N. Y. May 15, 1905 
SPALDING, Witt, Designer, Chicago & Milwaukee Electric Rd. Co., 
Highwood, Ill. Jan. 29, 1904 
SPAULDING, PriNY P.. Foreman of Experimental R. R., General Electric 
Co.; res., 201 Park Ave., Schenectady, N. Y. Mar. 27, 1903 
Spear, JAMES Oris, JR., Fort Wayne Electric Works, 1013 Empire Bldg.. 
Atlanta, Ga. Feb. 26, 1904 
SpPEcuT, Hans CHnisTIAN, Electrical Engineer, Westinghouse Electric 
and Mtg. Co., East Pittsburg, Pa. Dec. 23, 1904 


Speirs, CHARLES Epwanp, Manager D. Van Nostrand Co., 23 Murray St., 
New York City; res., 2175 83d St., Brooklyn, N. Y. | Dec. 19, 1902 


SPELLMIRE, WarTrER B., Bullock Electric Mfg. Co. 1214 Frick 


Building, Pittsburg, Pa. May 21, 1901 
SPENCER. Cuas. J.. Electrical Engineer, with N. Y. C. & Н. В. R. R. 
Engineering. Dept, New York City. May 21, 1901 


SPENCER, FRANK BENJAMIN, 240 La Salle St., Chicago, Ill. May 19, 1903 
SPENCER, FREDERICK FvRMON, Assistant Engineer, Mexico General 


Electric Co. Mexico, Mex. Feb. 27, 1903 
Spencer. Pau, Inspector of Electric Plants, United Gas Improvement 
Co., Broad and Arch Sts., Philadelphia, Pa. Nov. 30, 1897 
SPENcER, THoMas, Electrician, Helios Manufacturing Co., Bridesburg. 
Philadelphia, Pa. May 19, 1903 
SPENGEL, lTERMANN GEoRGE, General Manager, Rand Central Electric 
Works, Ltd., Johannesburg, Transvaal, S. A. Sept. 26, 1902 
SrERnLING, К. H., Assistant Engineer, British Columbia Electric Railway 
Co., Ltd., Vancouver, B. C. Nov. 23, 1898 
SPIEGEL, ALEXANDER S., Chicago Telephone Co.; res., 508 Belden Ave., 
Chicago, Ill. Dec. 23, 1904 
Spier, CHARLES L.. Vice-president, S. I. Midland К. R. Co., 26 Broadway, 
New York City. | Feb. 27, 1903 
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SPIES, ALBERT, Editor, Casster's Magazine and The Electrical Age, 3 W. 


29th St., New York City. Oct. 28, 1904 
ЅрІЕЅЕ, Е. P., Secretary, Treasurer and анар. the Edison Electric 
Illuminating Co., Tamaqua, Penn. July 26, 1900 
SPOEHRER, HERMANN, Union Electric Light and Power Co., 10th and 
St. Charles Sts., St. Louis, Mo. Sept. 27, 1901 
Ѕроһвовс, Н. N., Electrical Engineer, British Thomson-Houston Co., 
Rugby, Eng. July 25, 1902 
SPRINGER, FRED Foster, Telephone Engineer, Pacific States Tel. and 
Tel. Co., 216 Bush St., San Francisco, Cal. May 15, 1905 
SPRINGSTEEL, WILLIAM EGGENE, Chief оре, Weil & Mayer, 580 
Broadway, New York City. Jan. 27, 1905 
SpRONG, SEVERN D., Assistant Engineer of Distribution, The New York 
Edison Co., 55 Duane St., New York City Mar. 27, 1903 
SPURLING, OLIVER CROMWELL, Engineer, Western Electric Co., 259 So. 
Clinton St., Chicago, Ill. Feb. 27, 1903 
SPURRIER, JOHN RupoLpH, The Pritish Westinghouse E. & M. Co., 295 
Urmston Lane, Stretford, Manchester, Eng. Sep. 25, 1903 
SQuiER, GEoncE O., Major, Ph.D., Assistant Commandant U. S. A. Sig- 
nal School, Fort Leavenworth, Kansas. May 19, 1891 


STABLER, HanRorp Brooke, Chief Wd Chesapeake and Potomac 
Telephone Co.; res., 1214 I St., Washington, D. C. Feb. 26, 1904 


STADERMANN, ALBERT Leo., Engineering Dept., Kinloch Long Distance 
Telephone Co., Rialto Bldg., St. Louis, Mo. June 19, 1903 


STAFFORD, Rex Tuomas, Asst. Electrical Construction Engineer, Lacka- 
wanna Steel Co.; res., 126 Cottage St., Buffalo, N. Y. Nov. 20, 1903 


STAKES, D. FRANKLIN, Electrical Engineer; res., 334 Earlham Terrace, 


Germantown, Philadelphia, Pa. Jan. 20, 1897 
Stat, Gustar, Electrical Designer, Allmanna Svenska Elektriska Aktic- 
bolaget, Eiektriska, Westeras, Sweden. Mar. 24, 1905 
STALBERG, SVEN Or Ar, Draftsman, General Electric Co.; res., 81 N. Com- 
mon St., Lynn, Mass. Apr. 23, 1903 
STANSEL, Numa Reip, Electrician, U. S. Navy Yard; res., London St., 
Portsmouth, Va. Mar. 27, 1903 
STARTSMAN, CHARLES WENTWORTH, Sales Department, Crocker- Whecler 
Co., Ampere, N. J. June 19, 1903 


Steck, Ёовеһт, Designing Electrical Engineer, Western Electric Co., 259 
So. Clinton St.; res., 1520 Wolfram St., Chicago, Ill. Apr. 23, 1903 


STEELE, J. HERBERT, Draftsman, Ordnance Bureau, War Department, 
Washington, D. C. May 19, 1903 


Steere, Water D., Electrical Engineer, with Westinghouse, Church, 
Kerr & Co., 8 Bridge St., New York City. Apr. 25, 1900 


ST. Georce, Harry Luxmoore, Niagara, Lockport & Ontario Power 
Co.. Room 425, Fidelity Bldg.. Buffalo, N. Y. Mar. 27, 1°03 


эни Epwarp GEORGE. Asst. Supt.. The Electi Storage Battery 
, 19th St. and Allegheny Ave. Philadelphia, Pa. Sept. 26, 1902 


See ARTHUR HARLAN, Engineer, 812 West Mercury St., Вице, 


Mont. Nov. 21, 1902 
STEPHENSON, Harry Lucien, Westinghouse Electric and Mfg. Co.; res., 
1407 Linden Ave., Baltimore, Md. June 14, 1905 


STERN, Manu, Electrical Engineer, 25 W. 32d St., New York City. 
Sept. 25, 1903 
STERN, Puitip Коѕѕотн, Practising Electrical and Mechanical Engineer- 
ing, 195 Lenox Ave., New York City. Nov. 28, 1900 
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STERNEPELD, IstponE, Manager, Electrical Department, С. & О. Braniff 


& Co., Callé Cadena 19, Mexico, Mex. June 19, 1903 
Stetson, Ат моч Beene, Electrical Engineer, American Tel. and Tel. Co.. 
125 Milk St., Boston; res., Malden, Mass. Apr. 28, 1905 


STEUART, WILLIAM, Partner Steuart & Fenn, Auckland, N. Z. 
June 19, 1903 


STEVENS, Canort, Electrical Engineer, Brooklyn Edison Electric Ilumina- 


ting Co., 360 Pearl St., Brooklyn, N. Y. june 28, 1901 
STEVENS, THEODORE, Electrical Engineer, British Thomson Houston Co ; 
res., 20 Montalt Road, Woodford, Eng. Oct. 27, 1905 
STEVENS, WILLIAM Norton, Assistant Mechanical Engineer, J. G. White 
& Co., 43 Exchange PL, New York City. Dec. 15, 1905 
STEVENSON, Epwanp WiLLIAM, Hazard Mfg. Co.; res., 402 South River, 
Wilkesbarre, Pa. Mar. 27, 1903 


STEVENSON, Francis Lesie, Electrical Engineer, International Har- 
vester Co., Fullerton & Clayborne Aves., Chicago, lll. Sept, 25, 1903 
STEVENSON, JOHN MCALLISTER, JR., Testing Department, General E lec- 


tric Co., Lynn, Mass. June 14, 1905 
STEWART, NEWELL Coe, JR., Superintendent Electrical Construction, 
W. R. Grace & Co., Lima, Peru. May 15, 1905 
STICKNEY, GEonGE Hoxie, Electrical Engineer, General Electric Co.; res., 
51 Tudor St., Lynn, Mass. Feb. 26, 1904 
STICKNEY, JOSEPH М№нітЕ, Central Union Tel. Co., Indianapolis. Ind. 
; Mar. 27, 1903 
STILWELL, TOM KENNAN Price, Assistant Engineer, Alternating Depart- 
ment, General Electric Co., Lynn, Mass. Apr. 23, 1903 
STIMPSON, CLARENCE ARNEY, Chief Operator, Postal Telegraph Cable Co.. 
1326 Chestnut St., Philadelpnia, Pa. May 17, 1904 
STINE, Wir nv n M., Professor of Engineering, Swarthmore College, Swarth- 
more, Pa. May 15, 1894 
STINEMETZ, WILLIAM RENRICK, Societe Anonyme Westinghouse, 54 
Vicoio Sciarra, Rome, ltaly. Apr. 23, 1903 
Stites, RicHaRD, Secretary Electric Supply and Construction Co., 80 E. 
Gay St., Columbus, O. Feb. 26, 1904 
STITT, FREDERICK STARR, Solicitor of Patents, 15 William St.; res., 439 
Manhattan Ave., New York City. Dec. 23, 1904 
STITZER, ARTHUR Bowers, Electrical Engineer, Philadelphia Rapid Tran- 
sit Co., $20 Dauphin St., Philadelphia, Pa. Oct. 24, 1900 
STOCKBRIDGE, GEO. H.. Patent Attorney, 111 Broadway; res., 2514 11th 
(Lite Member] Ave., near 1571 St., New York City. May 24, 1887 
STOCKER, LEopo LD, Ist Class Sergeant, Signal Corps, U. S. Army, Gov- 
ernors Island, М. Y. Sept. 32. 1905 
STOCKTON, JOHN, Electrical Engineer, W F. Whittemore, 1 Newark St.; 
res., 1221 Washington St., Hoboken, N. J. June 14, 1905, 
STOCKWELL, ]О$ЕРИ Francis, General Manager, Ontario Telephone Co.. 
cor. West 2d and Bridge Sts., Oswego, N. Y. June 19, 1903 
STODDARD, Harry CABLE, Superintendent, Condor Water and Power Co.. 
Tolo, Orc. | Nov. 24, 1905 
SrokEs, Носн GREGORIE, Engineer, Hall Bros., Dadeville, Ala. 
June 15, 1904 
Stone, CHarRves A., With Firm of Stone & Webster, 84 State St. Boston, 
Mass. May 19, 1891 


STONE, CHARLES Leroy, Manila Railway an? ";ghting Co., Manila, P. I. 
Oct. 24, 1902 
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STONE, CHARLES WATERMAN, Electrical Engineer, General Electric Co.; 


res., 18 State St., Schenectady, N. Y. Mar. 27, 1903 
STONE, EpwARD WapswoRTH, Manager, Asheville Telephone and Tele- 
graph Co., Asheville, N. С. Nov. 25, 1904 


STONE, FRANK J., Manager, Electric Storage Battery Co., 60 State St., 
Boston; res., 66 Highland Ave., Somerville, Mass. Mar. 25, 1904 


STONE, ]о$ЕРН P., Oficina de Talleres, Ferro Carril Oeste de Buenos Aires 


Estacion Linieres, F. C. O., Buenos Aires, A. R. Dec. 18, 1895 
Stone, WiLL1AM, Electrical and Lighting Engineer, The Victoria Railway; 
res., 17 Doona Ave., Melbourne, Victoria. June 19, 190g 


STORER, SIMON BREWSTER, Engineer and Salesman, Westinghouse Electric 
and Mfg. Co., 1902 University Block, Syracuse,N. Y. Apr. 25, 1902 


STORKE, Henry Laurens, 2d Vice-president, The Empire State Telephone 
and Telegraph Co., 102 Genesee St., Auburn, М. Y. May 20, 1902 


Stout, }о$ЕРН SuypaM. JR., Stout & Co., 25 Broad St.; res., 574 Madison 


Ave., New York City. Nov. 22, 1899 
Stove, Russet WELLESLEY, Electrical Engineer, Westinghouse, Church, 
Kerr & Co., 8 Bridge St., New York City. Apr. 25, 1902 
STOVER, }О$ЕРН WoopMan, President Gamewell Fire Alarm Telegraph Co 
19 Barclay St., New York City. June 15, 1904 
Stover, Roperick, Albuquerque, New Mexico. Aug. 22, 1902 
STRASBURGER, EDGAR, Assistant in Cable Department, Western Electric 
Co., 463 West St., New York City. Mar. 27, 1903 
STRATTON, SAMUEL W., Director, National Bureau of Standards, Wash- 
ington, D. C. May 17, 1904 
STRASZEWSKI, CasMrR Ricuarn, Draftsman, Cutler-Hammer Mfg. Co.; 
res., 1226 Grand Ave., Milwaukee, Wis. May 15, 1905 
STRAUB, ALBERT RUDOLPH, Foreman, Western Electric Co., 463 West 
St., New York City. June 14, 1905 
Straus, THEODORE E., Electrical Engineer, 13 W. Pratt St., res.; 1213 
Linden Ave.. Baltimore, Md. Nov. 18, 1896 
Strauss, HERMAN A., Power & Contract Department, Allis-Chalmers Co., 
Milwaukee, Wis. Oct. 17, 1894 
STREET, CLEMENT F., Commercial Engineer, Westinghouse Electric and 
Mfg. Co.; res., 836 Farragut St., Pittsburg, Pa. Jan. 27, 1905 
STREET, GEORGE TATUM, Stone & Webster, St. Croix Falls, Wis. | 
Dec. 19, 1902 

STRENG, Lewis Starr, Assistant Engineer, Public Service Corporation of 
New Jersey, 207 Market St., Newark, N. J. May 17, 1904 
STRICKLAND, ToM Percivat, Chief Assistant Electrical Engineer, 51 Philip 
St., Sydney, №. S. W. Nov. 25, 1904 


STRIKE, ROBERT JOHN, Mains Engineer and Technical Assistant, Launces- 
ton Corporation, Town Hall, Launceston, Tasmania. Jan. 29, 1904 
STROHMAN, WILLIAM, Engineer with R. S. Kelsch, 305 New York Life 
Bldg., Montreal, Que. Apr. 22, 1904 
STRONG, JAMES Remsen, President. The Tucker Electric Construction 
Co., 35 So. William St., №. Y.; res., Short Hills, N. J. Mar. 22, 1901 


StronG, Rusu Price, Electrician, Louisiana Fire Prevention Bureau, 
| 807 Hibernia Bldg., New Orleans, La. Jan. 23, 1903 


STUART, Harve R., with Н. S. Sands, Wheeling, W. Va. Jan. 25, 1901 
STvEvE, Cari A. E. G., Electrical Engineer, with C. О. Mailloux, 76 


William St., New York City. Apr. 23, 1903 
STURDEVANT, CHas. Rar PH, Electrical Engineer, American Steel & Wire 
Co., Worcester, Mass. May 16, 1899 
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SrURGEs, Warb LEE, Electrical Engineer, Bush Terminal Co., Brooklyn, 
N. Y.; res., 204 W. 105th St., New York City. Jan. 23, 1903 
STURGIS, EDWIN ALBERT, Superintendent, Worcester Consolidated Street 
Ry. Co.: res., 16 Stoneland Road, Worcester, Mass. Feb. 24, 1905 
Stutz, Cuas. C., Assistant Chief Engineer, Pittsburg Plate Glass Co., 
Frick Building, Pittsburg, Pa. Mar. 28, 1900 
SupLow, Harry, Joseph Hull & Co., Mulberry, Florida. Sept. 27, 1901 
SuG1yaMa, SEIJIRO, 31 Nasagocho, Kitaku Osaka, Japan. Mar. 25, 1904 


Suur, Отто, Bruno, Engineer, The Telluride Power Co., Provo, Utah. 
July 19, 1904 


SULLIVAN, JEREMIAH W., Chief Operator, Postal Telegraph Cable Co.; res., 


Stafford House, Buffalo, N. Y. June 15, 1904 
SuMMERS, LELAND L., Electrical Engineer, 1134 First Nat. Bank Bldg... 
Chicago, Ш. Feb. 16 1592 
SUTHERLAND, Henry T., Electrical Engineer, 1233 Appletree St., Phila- 
delphia, Ра. june 14, 1905 
SuTTER, FREDERICK C., Member, Pittsburg Transformer Co., Pittsburg, 
Pa. Dec. 18, 1903 
Swain, JoSEPH Gorpon, Erecting Engineer, Westinghouse Electric and 
Mig. Co., Pittsburg; res., Wilkinsburg, Pa. Apr. 25, 1905 


SWAREN, JOHN WILLIAM, 630 Jackson Boulevard, Chicago, Ill. 
Apr. 23, 1903 


SwEENEY, BayarD K., Manager of Denver Sales Office, The №. Y. Insu- 
lated Wire Co., etc., 708 Equitable Blg.,Denver, Col.Mar. 27, 1903 


SweeET, Horace BRIMMER, Electrical Engineer, Utica, N. Y. 
Dec. 15, 1905 
SwEETLAND, RarPnH, Electrical Inspector, New England Insurance Ex- 
change, 55 Kilby St., Boston; res., Natick, Mass. Oct. 25, 1901 
SwEETSER, PHILIP STARR, Paducah Light & Power Co., Paducah, Ky. 
Sept. 22, i905 
Swink, Davip MaxwELL, Westinghouse Electric and Mfg. Co., Contin- 


ental Trust Bldg., Baltimore, Md. Aug. 17, 1904 
SwiTZER, GEORGE H., Bath, N. Y. Feb. 27, 1903 
SwoPE, GERARD, (Local Secretary) Manager, Western Electric Co., 810 

Spruce St., St. Louis, Mo. Apr. 26, 1899 
SYKES, FREDERICK GEorRGE, Electrical Engineer, Portland General 

Electric’Co., Portland, Ore. May 19, 1903 
Sykes, Henry H., Gen. Supt., Southern New England Telephone Co., ` 

New Haven, Conn. Oct. 18, 1893 
SYKES, Henry Wacrer, Electrical Engineer, Solvay Process Co., Syra- 

сизе, М Ү. June 14, 1905 
Szv&, Geza, Chief Engineer, Ganz & Co.; res., Csalogany utcza 52 Buda- 

pest 11., Hungary. Jan. 3, 1902 
TABER, SILAS, Moravian Electric Light, Heat and Power Co., Moravia. 

N. Y. Mar. 27, 1903 
ТАСНІНАКА, Jin, Electrical. Engineer, Mining Dept., Mitsu Bishi Co, 

Tokyo, Japan. Jan. 26, 1898 


Tapa, SINGEKANE, Lieut., Kure Naval Arsenal, Kure, Japan. 
Mar. 27, 1903 
TAHL, ALFRED RoBERT, Student, Polytechnic Institute; res., 193 Lio- 
соп Pl., Brooklyn, N. Y. Apr. 23, 1903 
Tait, FRANK M., Dayton Electric Light and Power Co., Davton, О. | 
Sept. 19, 1894 
TaArLBoT, RicumMonp, Partner, Sanderson & Porter, 35 William St., New 
| York City; res., Tuxedo, N. Y. July 25, 1902 
(29) | 


ASSOCIATES. 139 


TaLsott, WILLIAM MauniCE, Superintendent, Red Telephonica, 20 Zulu- 


etra St., Havana, Cuba. Dec. 23, 1904 
TAMLYN, WALTER InviNG, Electrical Engineer, with Ralph D. Mershon, 
11 Pine St., New York City. Mar. 27, 1903 
TANNATT, EBEN Tappan, Prof. Civil Engineering, Montana Agricultural 
College, Bozeman, Mont. Nov. 22, 1901 
TAPLEv, WaLTER H., Electrician in Government Printing Office, care of 
‘Public Printer, Washington, D. С. Oct. 25, 1892 
TATUM, Lewis LEeEps, General Storekeeper, Bullock Electric Mfg. Co., 
Norwood, Ohio. Fcb. 27, 1903 
TAYLOR, ALBERT, Manager, New York Office, Electric Storage Batterv 
Co., 100 Broadway, New York City. May 21, 1901 
TAvLoR, Epwanpn, Engineer, Brooklyn Heights Rd. Co., 2075 Broadwav: 
res., 373 Hawthorne St., Brooklyn, N. Y. Apr. 28, 1905 
TAvLon, Epwarp R., Manufacturing Chemist Penn Yan, №. Y. 
Jan. 23, 1903 
'TAvLoR. Frank H., Westinghouse Electric & Mfg. Co.; res., 7422 Penn 
Ave., Pittsburg, Pa. Jan. 3, 1902 
Tay tor, IRviNG A., Massena, №. Y. May 17, 1898 
TAYLOR, JEREMY F., Cero de Pasco Co., Cero de Pasco, Peru. 
Dec. 27, 1899 
Tayor, JoHN B., Railway Engineering Department, General Electric 
Co., Schenectady, N. Y. Mar. 27, 1903 
Tay Lor, JoHN ORro, Draftsman, Isthmian Canal Commission, Cristobal 
Canal Zone, Panama. May 15, 1905 
TAvLOR, Ме, Partner, Palmer & Taylor, Rosemount Gardens, Coat- 
bridge, Scotland. Apr. 23, 1903 


TAYLOR, ROBERT CAMPBELL, Assistant General Superintendent, Brooklyn 
Heights R.R. Co., 168 Montague St., Brooklyn, N.Y. July 28, 1903 
TAYLOR, SAMUEL NEwTON, Prof. of Elec. Env'v, Western Univ. of Penn- 
sylvania; res., 2206 Perrysville Ave.. Allegheny, Ра. Dec. 18, 1903 
TAYLOR, WILLIAM ARTHUR, Electrical Engineer, 241 Union St., Freeport; 


res., 1409 Windsor Ave., Chicago, Ш. Jan. 29, 1904 
TAvLOR. WitLLIAM BaiLEv, Technical Assistant, General Electric Co.; 
res., 44 Hanover St., Lynn, Mass. Feb. 24, 1905 
TAvLOoR. WiLLIAM THomas, Engineer in charge, Mexican Light & Power 
Co., Ltd., Necaxa, Mex. jan. 29, 1904 
Teprorn, Harry ALFRED, Superintendent, Northern California R. Co., 
Manton, Cal. Mar. 24, 1905 
TEMPLE, WoRRALL E. S., Instructor in Electrical Engineering. University 
of Pennsylvania, Philadelphia, Pa. Oct. 23, 1903 

Ten Eyck, PETER GANSEVOORT, Treasurer and Chief Engineer, Federal 
Railway Signal Co., Troy, М. Y. Dec. 18, 1903 


TER MEULEN, F. W. vou LiLIENSTERN, Assistant Engineer, Westinghouse 
Church, Kerr & Co., 10 Bridge St., New York City. Apr. 22, 1904 


TERRY, ALBERT SLOCOMB, Treas. and Manager, The Sunbeam Incandes- 


cent Lamp Co., 463 West St., New York City. Jan. 24, 1902 
TERvEN, Lewis AvGusrus, Electrician, L. К. Comstock, 114 Liberty St., 
New York City. Jan. 29. 1904 
TeERVET, RoBERT, Technical Engineer, Western Electric Co., North 
Woolwich, London, Eng. Sept. 27, 1901 
TesLa, Nikora, Electrical Engineer and Inventor, Wardenclyffe, Long 
Island, N. Y. June 5, 1888 
THALER, JoseEPH AUKEN, Professor of Electrical Engineering. Montana 
A. & M., College, Bozeman, Mont. July 28, 1903 
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ТнАҮЕВ, GEoRGE LancstarFr, M.E., Electrical Engineer, Northwestern 
Gas & Electric Co., Walla Walla, Wash. Aug. 5, 1896 


Tuomas, ALFRED CLARENCE, Engineer, The New York & New Jersey 
Telephone Co., 81 Willoughby St., Brooklyn, N. Y. Feb. 28, 1902 


THOMAS, CARROLL, Electrical Engeneer, United Railways and Electric 


Co.; res., 1802 Guilford Ave., Baltimore, Md. Mar. 24, 1905 
Tuomas, Davip Rapes, Electrical Engincer, Port Jervis Electric Co., 
Port Jervis, N. Y. Apr. 23, 1903 
Tuomas, JOHN Wittrams, Construction Engineer, Electric Storage 
Battery Co., Hokendauqua, Pa. Mar. 22, 1901 
Tomas, RicHarD HENRY, Sales Agent, White and Middleton Gas Engine 
Co., 107 Liberty St., New York City. Aug. 17, 1904 
Tuomas, RoBERT McKean, E.E., Member firm of Thomas & Betts, 141 
Broadway, New York City. Apr. 22, 1896 
THOMAS, STEPHEN A., Chief Electrical Inspector, Department of Educa- 
tion, 59th St. and Park Ave., New York City. May 17, 1904 
Tuomas, WILLIAM ARTHUR, Commercial Engineer, Westinghouse Elec- 
tric & Mfg. Co., Pittsburg, Pa. Dec. 15, 1905 


Tuomas, W. RANDOLPH. Superintendent, Virginia Pass. and Power Co., 
Power House; res., 911 N. 27th St., Richmond, Va. Feb. 24, 1905 
THOMPSON, ALFRED J., Electric Liquid Purifying & Filtering Co., 307 
Frick Bldg., Pittsburg, Pa. Jan. 25, 1896 
THOMPSON, ERMINE JOHN, 360 La Salle Ave., Chicago, Il. — Jan. 25, 1901 
THOMPSON, GEORGE La Ruter, Manager Supply Department, General Elec- 
tric Co.; res., 3415 No. 21st St., Philadelphia, Pa. — Apr. 28, 1905 
Тномрѕом, HARRISON GILMAN, Jr., Foreman of Electricians, Waldo Ave. 


Yard, P. R. R., Jersey City, N. J. Fcb. 27, 1903 
Tuompson, Joun West, Engineering Department, Mexican General 
Electric Co., Mexico City, Mex. Sept. 28, 1898 
THOMPSON, RareH Fow ter, Electrical Engineer, The United Power Co., 
E. Liverpool, Ohio. Apr. 23, 1903 


THOMPSON, SHERMAN SIDNEY, Camp Bird Limited, Camp Bird Mills. 
Ouray, Colo. Wane 14, 1905 


TuoMPsoN, Sitvanus P., Morland, Chislett Road, West Hampstead, 


London, N. W., Eng. Oct. 27, 1897 
THompson, WALTER Lee, Cameron Terrace, Woodside, L. I. 

Mar. 27, 1903 

THOMPSON, WARREN Rav, Assistant, British Westinghouse Co., Trafford 

Park, Manchester, Eng. Oct. 24, 1900 


TuoMsoN, CLARENCE, Fred Thomson & Co., 774 Craig St., Montreal, P. Q. 
May 15, 1900 


Тномѕом, GEo. ANDROS, Special Agent, The Adams-Bagnall Electric Co., 
136 Liberty St., New York; res., Somerville, N. J. Маг. 22, 1901 
TuoMsoN, GreorceE Huntincton, Consulting Engineer, 2218 Park Row 


Building, New York City. May 20, 1902 
TuoMsoN, WitLiAM I., Assistant Enginecr, Safety Car Heating and Light- 
ing Co., New York City; res., Newark, N. J. Mar. 27, 1903 
THORN, Wray THOMPSON, Гаа, Northwestern Elevated Со. ; res., 
129 Winthrop Ave., Chicago, Ill. Apr. 28, 1905 
THORNTON, KENNETH BUCHANAN, Manager, Nassau Light & Power Co., 
Roslyn, L. 1. Apr. 26, 1901 
ТнокрЕ, WiLLIAM Horseman, Assistant Engineer, National Battery Co., 
28] 15th St.. Butfalo, N. Y. Sept. 22, 1905 
THULLEN, L. H., Electrical Engineer, Union Switch and Signal Co., and 
Westinghouse Air Brake Co., Pittsburg, Pa. [ar. 25, 1904 
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THURBER, Guy PLUMMER, Engineer, Salesman and District Manager, 


Bullock Electric Mfg. Co., Pittsburg, Pa. Feb. 27, 1903 
THURBER, Howarp F., General Superintendent, New York Telephone 
Co., 18 Cortlandt St., New York City. Mar. 25, 1896 
TuunsToN, Louis Stewart, General Electric Co., Perin Building, 5th and 
Race Sts., Cincinnati, Ohio. . Aug. 22, 1902 


THURSTON, RALPH EMERY, Solicitor, Narragansett Electric Lighting Co., 
Room 204 Union Trust Bldg., Providence, R. I. Feb. 24, 1905 


TiBBALS, EMERSON C., Constructing Engineer, J. G. White & Co., Rut- 


land, Vt. Oct. 27, 1905 
Tipp, Geo. N., General Manager, Marion Light and Heating Co., Marion, 
Ind. July 26, 1900 
TiLLERY, PAUL ALLEN, Superintendent неон Electrical Plant, 
Washington, N.C. June 19, 1903 
TIMMERMAN, ARTHUR Henry, Supt. Wagner Electric Mfg. Co., 2017 
Locust St.; res., 2633 Park Ave., St. Louis, Mo. Mar. 27, 1903 
TiNGLEv, E. M., Westinghouse Elec. & Mfg. Co.; res., 431 Shady Ave., 
Pittsburg, Pa. July 12, 1900 
TINSLEY, JOHN FRaNcis, Assistant Electrical Engineer, Signal Corps, 
U.S. Army, San Francisco, Cal. Feb. 26, 1904 


TISCHNER, CHARLES FREDERICK, Draftsman, Townsend & Decker, New 
York City; res., 878 Lafayette Ave., Brooklyn, N. Y. May 19, 1903 


'TirLow, Epwarp INcRAM, Draftsman, United Railroad of San Fran- 


cisco, 1105 Bush St., San Francisco, Cal. Nov. 24, 1905 | 
Titus, JosePH VAN Eman, President Garton-Daniels Co., Keokuk, Ia. 
Mar. 25, 1904 
Titus, SAMUEL HowarbD, with Nernst Lamp Co., 7 W. 34th St., New York 
City; res., 354 Grand Ave., Brooklyn, М. Y. Mar. 24, 1905 
Tosey, Harry WILLARD, Member Engineering Dept, Stanley Electric 
Mfg. Co.; res., 40 Oxford St., Pittsfield, Mass. Sept. 27, 1901 
TOBEY, JESSE ORION, Superintendent, Northern California Power Co., 
Kennet, Cal. Apr. 22, 1904 
Topp, James, President, Sterling Varnish Co., Pittsburg; res., Sewickley, 
Pa. Jan. 27, 1905 
Topp, Вовевт I., General Manager, Indianapolis Traction & Terminal 
Co., Indianapolis, Ind. June 15, 1904 
TOERRING, C. J., С. J. Toerring Co., 2318 Noble St., Philadelphia, Ра. 
Apr. 18, 1894 
Тое, HORACE W.. General Superintendent, Mattoon City Railway, 
Mattoon, Ill. Oct. 27, 1905 
TOLMAN, CHARLES Prescott, Asst. Chief Engineer, National Electric Со., 
135 Broadway, New York City. July 28, 1903 
Torman, CLARENCE M., Electrical Engineer, Bangor Ry. & Electric Co., 
Bangor, Me. Apr. 27, 1898 
TOMLINSON, HARVEY STRovT, Tester, General Electric Co., Lynn, Tres., 
Salem, Mass. Apr. 22, 1904 
ToPPING, ALANSoN Niles, Instructor in Electrical Engineering, Purdue 
University, Lafayette, Ind. June 14, 1905 
TORREY, CARLETON Eri, Accountant, Tagona Water and Light Co., 
Saulte Ste Marie, Ont. Feb. 24, 1905 
TounET, MAXIME EUGENE JEAN, Consulting Electrical Engineer, 7 Rue 
Meyerbeer, Paris, France. Jan. 24, 1902 
Tower, GEORGE A., У. P. Tower-Binford Electric and Mfg. Co., 7 South 
7th St.; res., 715 E. Main St., Richmond, Va. May 15, 1894 
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Tower, WILLIAM ARTHUR, Division Superintendent, Chesapeake and 
Potomac Telephone Co., Baltimore, Md. Apr. 25, 1905 

Tow.Le, GEORGE CARROLL, Constructing Engineer, Cleveland Construc- 
tion Co., 305 Gridley Bldg., Syracuse, N. Y. Oct. 28, 1004 


Town, FREDERIC E., Construction Dept., Otis Elevator Co., 17 Battery 
Place; res., 746 St. Nicholas Ave., New York City. May 15, 1900 


Towne, Epwarp Barnes, Eastern Manager, Burdett Rowntree Mfg. Co., 
17 Battery Place, New York City; res., Orange, N. J. Mar. 27, 1903 
TowNLEv, CaLvert, M. E. [Manager], First Vice-President Consolidated 
Railway Co., New Haven, Conn. Feb. 28, 190] 
TOWNSEND, ARTHUR, Electrical Engineer, British Thomson-Houston Co., 
Ltd.; res., 75 Murray Road, Rugbv, Eng. Oct. 27, 1905 
TowNseEND, FrrzuvGgu, Electrical Engineer, 116th St. and Amsterdam 
Ave.; res., Union Club, New York City. Jan. 20, 1897 
TownsEND, Henry C., Attorney and Expert in Electrical Cases, 141 
Broadway; res., 354 УУ. 123d St., New York City. July 10, 1885 
Tracy, FRED GLvNDoN, Manager, С. G. Tracy & Co., Glyndon, Minn. 
July 19, 1904 
TRAVERS, HENRY ADELBERT, Student, Cornell University; res., 214 
Dryden Road, Ithaca, N. Y. Nov. 24, 1505 
TREADWAY, WILLIAM ANDREW, 2215 La. St., Little Rock, Ark. 
Dec. 19, 1902 
TREAT, RonERT BeLpeN, Electrical Engineer, Crocker-Wheeler Co., 
Ampere; res., 70 North 5th St., Newark, N. J. Jan. 3, 1902 
TREEBY, W. VINCENT, Electrical Engineer, Babcock & Wilcox, Ltd., 
Oriel House, Farrington St., London E. C., Eng. June 15, 1904 
TRiPIER, HENRI, Technical Engineer of the Societé Francaise d'Incandes- 
cence par le Gaz (Systeme Aucr.), Paris, France. Sept. 28, 1598 
Tripp, GEORGE Brown, General Manager, The Colorado Springs Electric 
Co., Colorado Springs, Colo. Apr. 23, 1903 
Tripp, GEoRGE Mason, Assistant Superintendent, British Columbia 
Electric Railway Co., Victoria, В. С. Dec. 19, 1902 
Trott, A. H. Harpy, Beer, near Axminster, Devonshire, Eng. 
(Lite Member ] Jan. 20, 1891 
Trout, Putrrp Henry, JR., Electrical Engineer, Staunton, Va. 
Aug. 17, 1904 
Trow, Harris CusHuMAN, Instructor of E. E., American School of Corre- 
spondence, Armour Institute of Tech., Chicago, lll. Feb. 26, 1904 
TRUESDELL, ARTHUR E., 50 Brenton Terrace, Pittstield, Mass. 
Feb. 15, 1899 
Tsukamoto, CHUZABURO, Calculator, General Electric Co.; res., 406 Sum- 


mit Ave., Schenectady, N. Y. Apr. 22, 1904 
TURBAYNE, WILLIAM ARTHUR, Electrical Engineer, Gould Coupler Co. 
Lancaster, N. Y. Feb. 26, 1904 
TURNBULL, FREDERICK CHARLES, Inspector, Wellington Fire Under- 
writers’ Association, Wellington, N. Z. June 14, 1905 


TURNER, Harry WiNTHROP, Winding and Insulation Specialist, Br. W. 
E. & M. Co., Ltd., Tratford Park, Manchester, Eng. Nov. 20, 1903 


TuRNER, MaTrHuias Everett, Electrical Engineer, Cleveland Electric 
Illuminating Co., 711 Cuyahoga Bldg., Cleveland, О. Feb. 27, 1903 


Turpin, МАХІҮ Curry, Testing Department, General Electric Co., 218 


So. 11th St., Philadelphia, Pa. May 19, 1903 
TuTTLE, Horace Burt, Engineering Chemist, 727 Cuyahoga Building, 
Cleveland, O. Sept. 26, 1902 
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TWINING, WILLIAM STANTON, Chief Engineer, Philadelphia Rapid Transit 


Co.; res., 160 Coulter St., Philadelphia, Pa. Sept. 22, 190» 
TYLER, Vici OR MORRIS Secretary, The Southern New England Telephone 
Co., New Haven, Conn. Apr. 23, 1903 
Түхрлгл.. CuaRrLEsS H., Ph.D., Minister. Reformed Church, 137 South Sixth 
Ave., Mt. Vernon, N. Y. Sept. 27, 1901 
UnpEN, Carr F., Chief Draughtsman, Washington Water Power Co., 
1017 Frederick Ave., Spokane, Wash. Oct. 27, 1905 
Unt, ALBERT, Member of Firm, Uhl & Elliott; res., 517 Edwards St., 
Shreveport, La. Apr. 23, 1903 
UNDERHILL, CHARLES Recinatp, Consulting Electrical Engineer, 55 
Liberty St., New York City. - Sept. 25, 1903 
UNDERWOOD, ARTHUR J., Foreman Electrical Department, Triumph Elec- 
tric Co., 610 Baymiller St., Cincinnati, Ohio. Apr. 23, 1903 
UNDERWOOD, со W.. Manager, Westinghouse E. & M. Co., 780 Elli- 
cott Sq.; res., 43 Norwood Ave., Buffalo, N. Y. Feb. 26, 1904 
UNDERWOOD, Lors EDWARD, Desipnino Engincer, General Electric Co., 
West Lynn, Mass. i Apr. 23, 1903 
UNpEnwoop, Warrer H., Foreman Testing Floor, Triumph Electric Co., 
Cincinnati, Ohio; res., Bellevue, Ky. Apr. 23, 1903 
Upp, Jons W. Engineer in charge Draughting Room, General Electric Co., 
res., 27 "Wendell Ave., Schenectady, N. Y. Mar. 27, 1903 
V AIL, THEO. N., 26 Cortlandt St., New York City. . Apr. 15, 1884 
V AIL, Witttam H., Erecting Engineer, United Railways and Electric Co., 
of Baltimore; res., Ruxton, Baltimore, Md. Feb. 24, 1905 
VALENTINE, WALTER Scott, Asst. Engr., Westinghouse Church Kerr & 
Co., 8 Bridge St., New York City. Jan. 23, 1903 


VANATTA, FRANK TrvrLEm, Chief Electrician, North Shore R.R. Co, 
Sausalito; res., 24 De Long Ave., San Francisco, Cal. June 14, 1905 
Van Atta, Roy Epwin, Director and Superintendent, Electrical Con- 


struction Co., 131 E. Long St., Columbus, О. Dee. 15, 1905 
VAN Buren, Gurpon C., Supt. of Power, Hudson River Telephone Co.; 
res., 76 Clinton Ave., Albany, N. Y. Oct. 25,1892 
Vance, J. H., Mechanical Engineer, B. Е. Goodrich Co.; res., 402 Crosby 
St., Akron, Ohio. Mar. 27, 1903 
VAN CLEEF, ErrioTT EARL, Assistant to Supt. of Construction, Western 
Electric Co., 463 West St., New York City. Mar. 27, 1903 
VAN Cort, LiNcoLN, Purchasing Agent, Brooklyn Heights R.R. Co.; res., 
188 Henry St., Brooklyn, N. Y. July 19, 1904 
Van DkriNsE, ANTON Fay, Allis-Chalmers Co., 800 Union Trust Bldg., 
Detroit, Mich. Mav 15, 1905 
Van DEVENTER, CHRISTOPHER, Stanley Electric Mfg. Со., 15 Monadnock 
Block, Chicago, Ill. Feb. 17, 1897 
Van Dyck, WiLLIAM VAN BERGIN, Electrical Engineer and Contractor; 
res., 439 Manhattan Ave., New York City. Nov. 22, 1901 
Van ETTEN, HERBERT BRIANT, Assistant Engineer, New York Telephone 
Co., 18 Cortlandt St., New York City. Apr. 22, 1904 


Van Gerner, Howard Mason, Electrical Engineer, Westirghouse, 

Church, Kerr & Co., 10 Bridge St., New York City. Apr. 28, 1905 
VANKIRK, EpwarD Power, Electrical Engineer, Elizabeth, Pa. 

Jan. 3, 1902 

VAN Ness, Leonarp G., Union Electric Light & Power Co., St. Louis, 

Mo Jan. 29, 1904 

VAN NORDEN, RUDOLPH WARNER, Supt. and Engineer, Central California 

Electric Co.; res., 1003 K St., Sacramento, Cal. Feb. 27, 1903 
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VAN $1үск, C. H., Salesman, General Electric Co., 44 Broad.St.; res., 


80 Washington Square, E., New York City. Mar. 27, 1903 

Van SLYKE, FREDERICK EDGAR, Engineer, Jeffrey Mfg. Co., Columbus, О. 
Jan. 29, 1904 

Van VALKENBURG, HERMON Lzacu, Electrical Engineer, Bullock Elec- 
tne Mfg. Co., Cincinnati, O. May 15, 1905 

Van VLEET, Roy MitcHe tt, Manager, Cutler-Hammer Mfg. Co., 1232 
Monadnock Bldg., Chicago, ПІ. Маг. 22, 1901 

Van Wyck, James R., Draftsman, Е. S. Pearson, 25 Broad St., New 
York; res., 45 Pulaski St., Brooklyn, N. Y. Nov. 24, 1905 

VAN Wyck, Puitip V. R., JR., Empire City Subway Co., 1170 Broadway. 
New York City; res., Plaintield, N. J. Apr. 21, 1891 
VARNEY, FRANK Н., Electrician, San Francisco Gas and Electric Co., 2912 
Mission St., San Francisco, Cal. July 26, 1900 


VaRNEY, THEODORE [Local Secretary), Elec. Engineer, Westinghouse Elec- 
tric & Mfg. Co.; res.,5719 Howe St., Pittsburg, Pa. Apr. 28, 1905 


VARNEY, У/пллАМ Wes vey, Mechanical Engineer, 1209 Calvert Bldg: 


res., 710 N. Carey St. , Baltimore, Md. Nov. 21, 1894 
VAUGHAN, JOHN FAIRCHILD, Engineer, Stone & Webster, 84 State St, 
Boston; res., 30 Walker St., Cambridge, Mass. Feb. 27, 1903 
VAUGHAN, RICHARD, Assistant, James W. Lyons, 605 Fisher Bldg., Chi- 
cago, Ill. May 15, 1905 
VELARDE, MANUEL CaRLos, Villata 62a, Lima, Peru. Nov. 24, 1905 
VENABLE, WM. Mayo, General Manager, Sanitary Engineering Co., 237 
Broadway, New York City. Nov. 30, 1897 
VER PLANCK, WILLIAM EVERETT, Assistant Engineer, General Electric Co., 
Lynn, Mass. July 19, 1904 


VEsER, Lucius Отто, West Penn Railway Co., Connellsville, Pa. 
Dec. 19, 1902 


VIALL, BENJAMIN THOMAS, Construction Engineer, 719 N. Soto St. 


Los Angeles, Cal. July 28, 1903 
VicKERS, FREDERICK E_woop, Expert, General Electric Co., 530 Herman 
W. Hellman Building, Los Angeles, Cal. Apr. 22, 1904 
ViEHE, J. S., Chief Engineer, Greenville Carolina Power Co., Palmetto 
Bldg., ' Greenville, S. С. May 15, 1900 
VINAL, ALBERT CARLETON, American Telegraph and Telephone Co., 15 
Dey St., New York City. Feb. 26, 1904 
VINCENT, HAROLD BLANCHARD, Niagara Construction Co., Ltd., Niagara 
Falls South, Ont. Jan. 27, 1905 
VINCENT, JAY CARTER, Engineering Staff, Twin City Rapid Transit Co. ; 
res., 1313 6th St., S. E., Minneapolis, Minn. Oct. 27, 1905 
VINCENT, WILLIAM GERMAIN, JR., Draftsman, Ocean Shore Railway Со, 
561 Califorma St., San Francisco, Cal. Dec. 15, 1905 
VINTEN, ERNEST STILES, Foreman Knob. Dept. Sargent Co.; res., 89 
Pearl St., New Haven, Conn. Apr. 27, 1898 
Voit, Dr. Ernst., Professor of Electricity, Technical University, Schwan- 
thalerstrasse, Munchen, Germany. Mar. 21, 1894 


VoM Baur, Canr Hans, Electrical Engineer, 681 79th St., Bay Ridge, 
N. Y. Sept. 26, 1902 


Von Аммом, SIEGFRIED, Consulting Engineer, Oswaldstre House, 


Norfolk St., London, W.C., Eng. Apr. 23, 1903 
VON е аи THORSTEN, Electrical Engineer, Dick, Kerr and Co., 
Ltd., Preston, Eng. Aug. 17, 1904 
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VREELAND, FREDERICK K., 39 So. Fullerton Ave., Montclair, №. J. 


| Осї. 26, 1898 
WaApDELL. CHARLES Epwarp, Electrician in charge Electrical Dept., 
Biltmore Estate, Biltmore, N. C. Apr. 25, 1902 
WaAGGAMAN. Henry Error, 1321 Е St., N. W., Washington, D. C. 
Jan. 27, 1905 
Waconer, Рнитр Dakin, Commercial Department, General Electric Co., 
Schenectady, N. Y. Feb. 28, 1902 
Waitt, ARTHUR MANNING, Consulting Engineer, 1519 Whitehall Bldg.. 
17 Battery Place, New York City. June 19, 1903 
WAKEMAN, JAMES MEANLEY, Manager, Electrical World and Engineer, 114 
Liberty $t., New York City. Feb. 27, 1903 


W ALBORN, IRA Guy, University of Missouri, Columbia, Mo. 
Nov. 25, 1904 


WALBRAN, CHRISTOPHER JAMES, Student, Cornell University; res., 310 


Huestis St., Ithaca, N. Y. Nov. 24, 1905 
WALKEM, GEORGE ALEXANDER, Electrical and Mechanical Engineer, 
Vancouver, B. C. Nov. 23, 1900 


WALKER, Ewart Bucnuan, Storage Battery Engineer, Canadian General 
Electric Co., Ltd., 14 King St. E., Toronto, Ont. Jan. 29, 1904 


WALKER, FRANK WILKEs, Mechanical & Electrical Engr., Babcock & Wil- 
cox, Ltd.; res., 26 Summerhill Ave., Montreal, Р. Q. May 21, 1901 


WALKER, FREDERICK WILEY, Vice-President and Chief Enyineer, Com- 
g ’ 


stock-Haigh-Walker Co., Detroit, Mich. Nov. 24, 1905 
WALKER, MiLES, Electrical Engineer, The British Westinghouse Electric 
and Mfg. Co., Ltd., Manchester, Eng. Sept. 27, 1901 
WALKER, WILLIAM J., Electrician, Navy Yard; res., 251 Washington 
Ave., Brooklyn, N. Y. Apr. 28, 1905 
W ALLACE, CHas. F., Engineer, Stone & Webster, 84 State St., Boston; 
res., Wellesley Hills, Mass. Nov. 18, 1896 


W ALLACE, J. EUGENE, Engineer, 623 St. Marks Ave., Brooklyn, N. Y. ' 
May 17, 1904 


WALLACE, Ross Strawn, Supt. Peoria Gas and Elec. Co., 125 N. Jeffer- 


son Ave., Peoria, 111. Jan. 23, 1903 
WALLAU, HERMAN L., Assistant Electrician, Cleveland Elec. Ill. Co., 711 
The Cuyahoga, Cleveland, Ohio. May 15, 1900 
WALLER, CHAs. Waite, California Electric Corporation, Rialto Bldg.. 
San Francisco, Cal. Aug. 23 1899 
WALLER, EpMuND PurzzEi, Electrical Engineer, General Electric Co.: 
res., 14 Union St., Schenectady, N. Y. Mar. 27, 1903 
WALES, SAMUEL SIGOURNEY, Electrical Engineer, Homestead Steel Wks., 
Munhall, Pa. July 19, 1904 
Watts, Јонм ABBET, Assistant Engineer, Shawinigan Water and Power 
Co., 85 Bank of Ottawa Bldg., Montreal, P. Q. May 19, 1903 
WALMSLEY, WALTER NEWBOLD, 1002 Harrison Bldg., Philadelphia, Pa. 
Oct. 24, 1900 

WaArsH, JAMES, Assistant Foreman, Meter Department, General Electric 
Co.; res., 41 Wall St., Lynn, Mass. May 19, 1903 


WALTER, HARRY CASPER, Instructor in Elec. Eng'g, Worcester Polytech- 
nic Inst.; res., 79 Institute Road, Worcester, Mass. Nov. 20, 1903 


WALTER, JOHN CHARLES, Ford, Bacon & Davis, Edgewater, N. J. 

Nov. 24, 1905. 
Warp, CHARLES ARCHIBALD, Grant Boulevard, Pittsburg, Pa. 

Арг. 23, 1903. . 
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WARDER, WALTER JAMES, JR., Designing Electric Engineer, Western 


Electric Co., 463 West >t., New York uty. Apr. 23, 1903 
WanDLAWw, Francis ANDREW, Electrical Engineer, R. W. Hunt & Co, 
Pittsburg, Pa. Jan. 23, 1903 
WARMAN, FREDERICK Conover, U. S. Engineer, 1000 22d St. N. W.. 
Washington, D. C. Apr. 28, 1905 
WARNER, ARTHUR P., Northern Electric Mfg. Co.; res., 4339 Berkeley Ave., 
Chicago, Ш. sept. 25, 1903 
WARNER, CHARLES Emory, Rossiter, McGovern & Co., 84 State St. 
Boston, Mass. Aug. 17, 1904 
WARNER, CHARLES H., Electrical Engineen, Fall River, Mass. 
Dec. 20, 1893 
WARNER Cuauncey Dixon, Electrical ГР ИБА Moore Electrical Co., 
52 Lawrence St., Newark. June 14, 1905 
WARNER, RICHARD FnANCHOT, Electrical Engineer, General Electric Co.; 
Schenectady, N. Y. Jan. 23, 1903 
WARREN, ALDRED KENNEDY, Chief Engineer, American Automatic Sigral 
Co., 65 М. J. Railroad Ave., Newark, N. J. Nov. 20, 1895 
WARREN, FREDERIC Austin, General Electrician, Fuel Department, Colo- 
rado Fuel and Iron Co., Canon City, Colo. June 19, 1903 
WARREN, HarBERT B., Chief Engineer, Warren Electric Mfg. Co., San- 
duskv, O. July 19, 1904 
WARREN, Harry Menson, Electrical Engineer, The Coal Mining Dept. 
D. L. & W. Railway Co., Scranton, Pa. Mar. 27, 1903 


WARREN, Henry ELis, Assistant Engineer, The Lombard-Governor Co., 
36 Whittier St., Boston; res., Nowton Centre, Mass. Jan. 24, 1902 


WARREN, Howarp Saunners, Electrical Engineer, American Telephone 


and Telegraph Co., 125 Milk St., Boston, Mass. Mar. 27, 1903 
WARREN, WiLLiAM Henry, Electrical Engineer, Sprague Electric Co., 527 
W. 34th St., New York City. Fcb. 27, 1903 


Wason, Cuas. W., President and Manager, Cleveland, Painesville and 
Eastern К. R., 616 Gartield Bldg., Cleveland, Ohio. Мау 19, 1851 
WATERMAN, Marcus B.. Assistant Electrician, United Telpherage Co., 
Westfield, N. J. Fcb. 15, 1896 

Waters, Epwarp G., British Thomson-Houston Co., Rugby, Eng. 
Mar. 18, 1890 


Waters, HERMAN Bierce, Instructor, California Polytechnic Sckool, 


San Luis Obispo, Cal. Oct. 23, 1904 
WATERSON, KARL WiLLIAM, Engineering Department, American Tel. and 
Tel. Co., 125 Milk St.. Boston, Mass. Apr. 28, 1905 
WATJEN, HERMAN Отто, Assistant Engineer, General Electric Co.; res., 
609 Western Ave., Lynn, Mass. Nov. 24, 1905 
WaTMoUcGH, PENDLETON G.. ÍR., Electrical Engineer, 1 Broadway, New 
York City; res., 32 Stuyvesant PL, S. I., N. Y. Dec. 18, 1903 
Watson, ARTHUR EUGENE, Assistant Eus of Physics, Brown Uni- 
versity, Providence, R. I. July 28, 1903 
Watson, GEORGE Haruon, Watson Flagg < Co., 27 Thames St., New 
York City; res., 184 Carroll St.. Paterson, N. J. Feb. 27, 1903 
Watson, Kennetu, Electrical Engineer, General Electric Co., Schenec- 
tady. N. Y. Мау 19, 1903 
Watson, RICHARD CARR, Assistant Regulator, New York Edison Co.; res., 
147 W. 128th St., New York City. June 15, 1904 
Warts, FRANK WILMER, Wyoming Valley Gas & Electric Co., Plymouth, 


Pa. | Jan. 27, 1905 
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Watts, GEOoRGE W., Assistant to General Manager, Canadian General 
Electric Co., Ltd., 16 E. King St., Toronto, Ont. Feb. 26, 1904 


WaATTSON, ALonzo SaBINE, Electrical Engineer and General Supt. of Elec- 
trical Apparatus, So. Penn Oil Co., Folsom, W. Va. Dec. 19, 1902 


WaAxBoM, Cart JOHAN Evarp, Electrical Engineer, Jeffrey Mfg. Co.. 


Columbus; res., Westerville, O. Feb. 26, 1904 
Way, SytvesTeR BEDELL, Superintendent Union Electric Light and 
Power Co., 4804 Fountain Ave., St. Louis, Mo. Sept. 25, 1903 


Wayne, Jacos Lrovp, 3d., Division Equipment Foreman, Central Union 
. Telephone Co., 35 W. Ohio St., Indianapolis, Ind. Jan. 23, 1903 


Weaver, AMos SHELDON, Student, General Electric Co., 44 Broad St.; 


New York City. June 15, 1904 
Weaver, Mavrice EpcGam, Student, Massachusetts Institute of Tech- 
nology, Boston, Mass. june 14, 1905 
WEBB, ARTHUR CLEMENT FREDERICK, Consulting Electrical Engineer, 82 
Pitt St., Sydney, N. S. W. Nov. 25, 1904 
Wess, Henry Storrs, International Correspondence Schools; res., 1416 
(Life Member.) Monsey Ave., Scranton, Pa. Nov. 20, 1895 
WEBER, FREDERICK CARL, Plattsmouth, Nebraska. May 17, 1904 
WessterR, DwicuT Epwarp, Engineer, Westinghouse E. and M. Co. 
620 Bank of Commerce Bldg., St. Louis, Mo. Apr. 23, 1903 
WesstTer, Epwin S., Firm of Stone & Webster, 84 State St., Boston, Mass. 
Apr. 21, 1891 


WEBSTER, WALTER Coates, Asst. to 2d Vice-president Westinghouse 
Electric and Mfg. Co., 11 rine St., New York City. Jan. 3, 1902 
WEHRLEY, EpwaARD Justus, Special Agent, American Tel. and Tcl. Co., 15 
Dey St., New York City; res., East Orange, N. J. June 15, 1904 
WEICHSEL, Hans, Draftsman, Westinghouse Electric & Mfy. Co.; res., 


424 Center St., Wilkinsburg, Pa. Dec. 15, 1905 
WEgibMAN, VictoR Мосехт, Switchboard Draughtsman, Westinghouse 
E. & M. Co., Pittsburg, Pa. June 15, 1904 
WELCH, FRANK РнпиллР, Manager Empresa Electricade Leon, Leon, 
Gto, Mexico. Feb. 27, 1903 
WeELcKE, CELESTIN JOHN, Operating Department. Electric Storage Bat- 
tery Co., 42 Watts St., New York City. Aug. 22. 1502 


WELLES, FRANCIS R., Manufacturer, 46 Avenue de Breteuil, Paris, France. 
Sept. 6, 18387 
WELLMAN, HARLAN РАСЕ, Superintendent Motive Power, Camden Inter- 


state Railway Co.. Ashland, Ky. Mar. 25, 1904 
WELLMAN, HarRo_p Rosinson, Electrical Engineer, Western Electric 
Co., Chicago, Ill. Apr. 25, 1902 


WELLMAN, SAMUEL Tuomas. President, The Wellman-Scaver-Morgan 
Engincering Co., New England Bldg., Cleveland, O. Jan. 23, 1903 
WrLLs, ARTHUR Epwin, Consulting Engineer, 32 Liberty St.; res., 718 
St, Nicholas Ave., New York City. May 19, 1903 
WELLS, GEORGE AUGUSTUS, JR.. Chief Engineer, Adams Express Co., 61 
Broadway; res., 606 W. 138th St., New York City. rab. 28, 1905 
We tts, George EvcENE, Consulting Electrical Engineer, Rucbel & Wells, 
1112 Chemical Building, St. Louis, Mo. Sept. 27, 1901 
WeLrLs, Joun ALLEN, Chief Engineer, Augusta-Aiken Railway & Elec- 
tric Co., Augusta, Ga. Apr. 23, 1903 
WeLrLs, WALTER FARRINGTON, Edison Electric Illuminating Co., 360 
Pearl St., Brooklyn, N. Y. | Арт. 26, 1899 
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Wenz, FRANK, Electrical Engineer, 323 Calle de las Placeres, Guadala 
jara, Mex. Jan. 23, 1903 


WENGER, EpcaR I., Westinghouse Electric and Mfg. Co., 171 La Salle 
St., Chicago, lll. May 21, 1901 
WENNER, FRANK, Instructor in Physics, University of Pennsylvania. 
Philadelphia, Pa. Apr. 28, 1905 
Wentz, Вовевт FILMORE, Mechanical Designing and Constructing 
Engineer, 508 Hammond Bldg., Detroit, Mich. Apr. 23, 1903 


WERNER, GERARD BERNARD, Westinghouse Electric and Mfg. Co., Pitts- 


burg, Pa. Apr. 28, 1905 
WgRTH, MarTuEw FovumTAINE Maury, General Electric Co., 1600 Conti- 
nental Trust Building, Baltimore, Md. Aug. 17, 1904 
WESSELHOEPFT, CHARLES DIETRICH, Electrical Engineer, Kohler Brothers; 
res., 749 So. Sawyer Ave., Chicago, Ill. Sept. 25, 1903 
WESSLING, ALBERT Gustave, Asst. Engineer, Bullock Electric Mfg. Co.; 
res., 549 Milton St., Cincinnati, Ohio. Feb. 27, 1903 
West, Erastus LovETTE, Asst. to Electrical Engineer, J. G. White & Co., 
43 Exchange Pl., New York City. Apr. 25, 1902 
West, Jurrus Henrik, Consulting Engineer, 21 Am Karlsbad, Berlin, 
W. 35, Germany. Sept. 20, 1593 
WESTINGHOUSE, GEORGE, President, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. May 20, 1902 
Weston, SYDNEY F., 706 Fisher Bldg., Chicago, Ill. July 12, 1900 
WETZLER, JEFFERSON, Secretary and Treasurer, Electrical Engineer In- 
stitute, 240 West 23d St., New York City. July 25, 1902 
WrevMovTH, Tromas Rore, Engineer, National Transit Co., 206 Seneca 
St., Oil City; res., Lock llaven, Pa. ` Nov. 22, 1901 


WHARTON, ELMER Bert, St. Louis Motor Car Co., Peoria, Ill. 
Feb. 26, 1904 
WHEELER, ARTHUR SOMES, Washington Insurance Association, Tolman 
Bldg., Seattle, Wash. Apr. 28, 1905 
WHEELER, BURR, 101 Ottawa St., Grand Rapids, Mich. Apr. 22, 1904 
WHEELER, LEONARD ELiwoop, Laboratory Eastern Electric Construc- 
tion Co.; res., 1615 W. North Ave., Baltimore, Md. Apr. 28, 1905 
WHEELER, WALTER Scott [Local Secretary], Supt. Franchise Dept., 
Board of Public Works, 711 23d Ave., Seattle, Wash. Sept. 25, 1903 
WnuiPPLE, Cyrus Avery, Bremerton, Wash. June 19, 1903 
WHITAKER, Joun SANBORN, Superintendent, Rockingham County Light 
and Power Co., Portsmouth, N. Н. Apr. 23, 1903 
WHITAKER, S. Epoar, Electrical Engineer, 03 Exchange St., Portland, Me. 
Aug. 5, 1896 
WHITAKER, WILLIAM Gordon Howanp, Jr., N. Y. Telephone Co., 15 
Dey St.. New York Cit y. May 15, 1905 
Witz, Cuas. G., Public Schools Supt. and Instructor in Phvsics and 
Chemistry, Lake Linden, Mich. Sept. 23, 1896 
Write, Epwarv P., Superintendent, Asheville Electric Co., 99 Woodtin 
St., Asheville, М. С. July 28, 1905 
Witz, Francis JOSEPH, Engineer, Gould Storage Battery Co., New York 
City; res., 53 St. Johns PI, Brooklyna, N. Y. Apr. 25, 1902 
WuiTE, Hanorp E., Designing Engineer, General Electric Co., res.; 27 
Parkwood Boulevard, Schenectady, N. Y. Apr. 23, 1903 
White, J. WirrtiaM, Bay Counties Power Co., San Francisco, Cal.; res., 
111 Warren St., Arlington, Mass. Aug. 17, 1904 
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Waite, LiNpEN G., Superintendent Electrical Department, Columbus 


Railway and Light Co., Columbus, Ohio. Mar. 28, 1902 
Waite, RICHARD ALBERT, Assistant Engineer, Ford, Bacon & Davis, 
2104 First Ave., Birmingham, Ala. June 19, 1903 
Wuite, WiLLIAM WEsLEy, Representative Crocker- Wheeler Co., 343 N. 
Charles St., Baltimore, Md. Apr. 23, 1903 
WHITEHEAD, Joun B., JR., Associate in Applied Electricity, Johns 
Hopkins University, Baltimore, Md. Oct. 24, 1900 
WHITEHEAD, JOHN Roy, Assistant Electrical Engineer, U. S. Signal Corps, 
39 Whitehall St., New York City. May 15, 1905 
WHITEHOUSE, Louis CAMMANN, Student, Stevens Instituté of Technology. 
Hoboken, N. J.; res., New Brighton, N. Y. Apr. 23, 1903 
WuirELEY, RAYMoND, Draughtsman, Underground Electric Railways 
Co.; res., 20 Glebe Place, Chelsea S. W., Eng. Oct. 23, 1904 
WHITESIDE, AppIson Haces, District Manager, Allis-Chalmers Co., Land 
Title Bldg., Philadelphia, Pa. May 15, 1905 
WHITESIDE, WALTER Hunter, President Allis-Chalmers Co., Milwaukee, 
Wis. Jan. 24, 1902 
Wuitinc, ALLAN H., Automobile Engineer, 120 West 55th St., New York 
City. Nov. 18, 1896 
W urTING, S. E., Instructor in Electrical Engineering, Harvard University; 
res., 11 Ware St., Cambridge, Mass. May 16, 1899 
Wuitmore, W. G., Electrical Engineer, General Electric Co., Edison 
Building, New York City. Mar. 18, 1890 
Wuitney, Eppy Russet, Engineer, Babcock Electric Carriage Co.; res., 
240 W. Utica St., Buffalo, N. Y. May 19, 1903 
Wuitney, Frank E., Superintendent of Construction, Brownsville Heat, 
Light & Power Co., Brownsville, Pa. Oct. 27, 1905 
Wuitney, Henry M., India Wharf, Boston, Mass. July 12, 1887 


{Life Member.) 
Wuitney, WiLuis R., Asst. Prof. Theoretical Chemistry, Massachusetts 
Institute Technology, Boston, Mass. May 21, 1901 


Wuiton, CHARLES Epwarp, Assistant Electrical Engineer, Signal Corps, 
. S. Army; res., 198 Peachtree St., Atlanta, Ga. May 15, 1905 


Whittep, Tuos. Bvnp, District Engineer, The General Electric Co, 


Denver, Col. Mar. 22, 1899 
WHITTEMORE, СкоксЕ W., Engineer, Bell Telephone Co., 24 W. Seneca 
St., Buffalo, М. Y. Jan. 3, 1902 
Wairriesey, James Tuomas, Chief Engineer, Elec. Dept., Public Service 
Corporation, Newark, N. J. Nov.,20, 1903 


MR ESEY: WiLLtAM AvucusTUS, Treas. and Mgr., Pittsfield Electric 

Co.; res., 135 E. Housatonic St., Pittsfield, Mass. July 19, 1904 
WHITTLESEY, WIECEIXM AvGUSTUS, JR., Pittsfield Electric Co., Pittsfield, 

Mass. Apr. 28, 1905 
WIARD, JOHN BuLKLEY, Assistant Engineer, General Electric Co.; res, 
| 15 Lakeview Ave., Lynn, Mass. Apr. 23, 1903 
WICKERSHAM, Epwarp James, Assistant to Chief Electrician, Chicago, 
| Rock Island & Pacific Ry. Co., Chicago, Ill. Nov. 24, 1905 
WipDpicoMBE, Вовевт A., Engineer and Superintendent, Kroeschell Bros., 

Co., 55 Erie St.; res., 1651 Roscoe St., Chicago, П. Apr. 26, 1899 
WIbDEGREN, Emit HENRIK, Testing Department, General Electric Co., 


Schenectady, N. Y. Nov. 24, 1905 
WibpsTROM, AxEL., Electrical Designer, Allmanna Svenska Elektnska 
Akticbolaget, Elektriska, Westeras, Sweden. Mar. 24, 1905 
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WIECHMANN, FERDINAND G., Consulting Chemist, American Sugar Refin- 


ing Co., 117 Wall St., New York City. Sept. 25, 1903 
WIEDERHOLD, Oscar, Wiederhold Light Co., 131 Winfield Ave., Jersev 
| City, N. J. Aug. 13, 1897 
WIKANDER, RAGNAR, Allmanna Svenska Elektriska A. B., Westeras, 

Sweden. Jan. 29, 1904 
Wiper, Henry Winpsor, Electrical Engineer, Post and Telegraph 

Department, Bangkok, Siam. Sept. 27, 1901 


WILDER, STuART, Northern Westchester Lighting Co., Ossining, М. Y. 
May 20, 1902 
WiLDMAN, Leonarp D., Captain U. S. Signal Corps, Washington, D. С. 
Mar. 27, 1903 


WILER, CARL, Electrical Engineer, 581 46th St., Chicago, Ill. 
Sept. 27, 1901 


Wivey, Brent, Electrical Engineer, Wellman-Seaver-Morgan Co.; res., 


1621 Euclid Ave., Cleveland, O. Apr. 28, 1905 
Wivgey, Geo. Lourie, Manager, Standard Underground Cable Co., 56 
Liberty St., New York; res., Arlington, N. J. Feb. 28, 1900 
Wirgv, Roy Ropney, Electrical Engineer, The Packard Electric Co., 
Ltd., St. Catharines, Ont. July 28, 1903 
WiLEv, WM. H., Scientific Expert, 43 E. 19th St., New York City. 
Feb. 7, 1888 
WiLHoiT, FREDERIC SHELTON, Assistant Supt., The Cutler-Hammer 
Mfg. Co.; res., 911 State St., Milwaukee, Wis. May 19, 1903 


WiLKiNs, EpcAR Morris, Meter Department, Mex de Gas y Luz Elec- 
tric, cia Bethlemitas 203, Mexico D. F., Mex. Dec. 19, 1902 
WILKINSON, JAMES, Chief Engineer Birmingham Railway, Light and 


Power Co., Birmingham. Ala. Feb. 28, 1902 
WILLARD, FREDERICK ALBERT, Electrical Engineer, Rochester Railway & 
Light Co., Clinton Ave., Rochester, N. Y. Nov. 24, 1905 


WitLcox, Francis WALLACE, Assistant to Manager, Lamp Sales Dept. 
Edison Lamp Works, G. E. Co., Harrison, N. J. Mar. 27, 1903 


WILLIAMS, ARTHUR, General Inspector, The New York Edison Co., 57 


Duane St., New York City. June 23, 1897 
WiLLIAMS, CHARLES, JR., Electrician, 1 Ar'ington St., East Somerville 
Mass. Apr. 15, 1884 
WILLIAMS, FREDERIC ARTHUR, Chief Engineer, Colonial and Victory 
Hotel, Nassau N. P., Bahamas. Nov. 24, 1905 
WiLLIAMS, Guy VgRANUS, Sawyer-Man Electric Co., 510 W. 23d St.: 
res., 442 Central Park W., New York City. Mar. 25, 1904 


WiLLiAMS, HERBERT Howarp, 442 East Michigan St., Marquette, Mich. 
Feb. 27, 1903 
WILLIAMS, Harry Situ, Assistant Electrical Engineer, Utica and Mo- 


hawk Valley Railway Co., Utica, N. Y. May 15, 1905 
WitiraMs, JOHN RurLEDGE, Engineer, Tennessee Coal, Iron & Railroad 
Co., Bessemer, Ala. Dec. 23, 1904 
WiLLIAMS, RoBERT NEIL, [Local Secretary], Instructor in Electrical Engi- 
neering, Union College, Schenectady, N. Y. Aug. 22, 1902 
WiLLIAMS, WitLIAM Henry, Asst. Professor of Electrical Engineering, 
University of Illinois, Urbana, lll. Sept. 28, 1898 
WILLIAMSON, ALPRED, Assistant Testing Department, General Electric 
Co.;res., 110 W. 91st St., New York City. June 15, 1904 
WILLIAMSON, RonERT Bainp, Engineering Department, Bullock Electric 
Mig. Co., Cincinnati, Ohio. Oct. 24, 1902 
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WILLIS, FREDERICK WILLIAM, Ag Chief Operator, Cauvery Power Scheme, 
r 


Champion Reef, Mysore Prov., India. Jan. 29, 1904 
WiLL1s, SAMUEL THAYER, 148 Lincoln St., Worcester, Mass. 
Nov. 20, 1903 
WirLLisTON, Н. S., Magnet Wire Co., 42 Broadway, New York City. . 
Nov. 21, 1902 
WiLLs, Harry LEVagueE, Electrical Engineering Department, Georgia 
Railway and Electric Co., Atlanta, Ga. june 15, 1904 


YVILLSON, FRANK GARDNER, Instructor in Cicctrical Engineering, Univ. 
of Illinois; res., 1010 W. Green £t., Urbana, 1il. Nov. 24, 1905 


WILSON, Е ee Superintendent, Public Service Corporation of 


N. J.. 557 E. 26th St., Paterson, N. J. Mar. 24, 1905 
T HAROLD Pu Gales Engineer, Rossiter MacGovern Electric 
Co., Compton and Papin Aves., St. Louis, Mo. July 28, 1903 
WirsoN, Henry CLINTON, Chief Engineer, American Compound Bearing 
Co., 25 Broad St., New York City. Sept. 27, 1901 
WiLsoN, Носн Il gATHLEY, General Foreman of Power House, Westing- 
house Electric and Mfg. Co., Pittsbur:, Pa. June 19, 1903 
Witson, J. Roserts, Salesman, Crocker-Wheeler Co., 816 New England 
Building, Cleveland, Ohio. May 27, 1903 
WiLsoN, LEoNARD, Electrical Engineer, Stanley Electric and Mfg. Co.; 
res., Beech Grove Inn, Pittsfield, Mass. Sept. 26, 1902 


WiLsoN, Norman JAMES, Electrical Envineer, British W. E. & М. Co., 
Ltd., Trafford Park Works, nr. Manchester, Eng. Apr. 25, 1902 


WiLsoN, Percy James, Electrical Draughtsman, Boston Elevated Rail- 


way Co., 552 Harrison Ave., Boston, Mass. Aug. 25, 1905 
Witson, RoBERT Lee, Su crintendent Construction, Westinghouse E. & 
M. Co., Pittsburg, a. june 28, 1901 


WiLsoN, Rosert M., Supt., Montreal Light, Heat and Power Co., Riche- 
lieu Village; res., 23 Seymour Ave., Montreal, P. Q. Jan. 25, 1899 
WILSON, SEPTIMUS, Westinghouse Electric and Mfg. Co., Baltimore, Md. 
jan. 29, 1904 

WILTBERGER, BERTRA: P., Draftsman, New York Edison Co., 55 
Duane St., New York City; res., Brooklyn, N. Y. Mar. 27, 1903 


WINCHESTER, SAMUEL B., Superintendent, Eleotrical Dept.. Holyoke 
Water Power Co., 5 Laurel St., Holyoke, Mass. May 15, 1894 


WINFIELD, James H., General Manager, Nova Scotia Telephone, Ltd., 
. Halifax, N. S. May 17, 1898 
Winn, Harry Dovocras, Electrical Engineer, Westinghouse Electric and 
Mfg. Co., 622 Empire Dldz., Atlanta, Ga. June 14, 1905 
Winn, JouN Epwarp, 122 Fourth St., Union Hill, N. J. May 20, 1902 
Winship, WALTER EDWIN, Electrical Engineer, Gould Storage Battery 


Co., 1 W. 34th St., New York City. May 19, 1903 
WiNsLow, CHARLES GARDNER, New York Central and Hudson River R.R., 
5 Vanderbilt Ave.; res., Mount Vernon, N. Y. Aug. 22, 1902 
Wiwstow, I. E., The General Traction Company, Ltd., 20 Bishops- 
gate St. (within) London E. C., Eng. Nov. 12, 1589 
Wintner, Louis, Manager, №. Y. Sunply Sales, Stanley G. I. Electric 
M.g. Co., 29 Broadway, New York City. May 21, 1901 
WiNTRINGHAM, J. P., Theorist, Mills Building, 35 Wall St., New York 
City; res., 135 Henry St., Brooklyn, N. Y. May 7, 1889 


Wirt, HERBERT C., pgs Sunnie Department. General Electric Co., 
Schenectady, N June 26, 1891 
WISE, Јони SHREEVE, JR., Assistant Supt., Auburn Light, Heat and 
ower Co., Auburn, N. Y. Feb. 15, 1896 

(28) 


152 ASSOCIATES. 


WiswELL, Ozro N., Snoqualmie Falls and White River Power Co., Sno- 


qualmie Falls Wash. May 17, 1904 
WiTHERBY, Epwin E., Engineer and General Manager, United Gas and 
Electric Co., 40 Wall St., New York City. Mar. 25, 1904 
Wittic, Gustav, Westinghouse, Church, Kerr & Co., 8 Bridge St., New 

York City; res., New Brunswick, N. J. Mar. 24, 1905 
WOHLAUER, ALFRED, Student, Testing Dept., General Electric Co.; res., 

1218 Union Ave., Schenectady, N. Y. Nov. 20, 1903 
WoHLERS, CHARLES, Draughtsman, Ruggles and Coles Engineering Co., 

39 Cortlandt St., New York City. Sept. 22, 1905 
Wo tr, Lee H., Contracting and Engineering, Honolulu, Н. T. 

Oct. 24, 1900 
Wo tre, ERNEsT A., Electrical Engineer, 708 Land Title Bldg., Philadel- 
phia, Ра. Nov. 25, 1904 


Wo tre, }О$ЕРН Tuomas, 318 Frick Bidg., Pittsburg, Pa. June 28, 1901 
Worrr, FRANK A., Prof. of Physics and Electrical Eng., Col. Univ.. 
and in office Bureau of Standards, Washington, D. C. Dec. 27, 1899 
Worrr, Ѕліомом, Allis-Chaülmers Co., Cleveland, Ohio. Feb. 27, 1903 
WorLrr, Witty AvcGvsT, Student, Western Electric Co., 463 West St.; 
res., 320 Manhattan Ave., New York City. Oct. 27, 1905 
Wors, WiQiLLIAM A., Engineer, 147 Thurman St., Columbus, О. 
May 17, 1904 
Worrz, Roscoe, Roanoke Water Power Co., Roanoke, Va. Dec. 23, 1904 
Woop, ALBERT E., Stanley Electric Mfg. Co., Pittsfield, Mass. 
Jan. 27, 1905 
Woop, AnTHUR J., Assistant Professor of Experimental Engineering, 


State College, Pa. Dec. 28, 1898 
Woop, BENJAMIN FRANKLIN, Asst. Engineer, Motive Power Department, 
P. R. R., Altoona, Pa. July 28, 1903 
Woon, FRANKLIN WASHINGTON, Local Manager, Charles Cory & Son; 
res., 223 29th St., Newport News, Va. Nov. 24, 1905 
Woop, Georce Roy, Consulting Electrical Engineer, 2024 Farmers’ 
Bank Bldg., Pittsburg, Pa. June 14, 1905 


Woop. R. Homer, General Manager, Electric Novelty Appliance Co., 510 
E. Main St.; res., 107 N. 4th St., Richmond, Va. Jan. 27, 1905 
Woop, WALTER, Managing Partner, К. D. Wood and Co., 400 Chest- 


nut St., Philadelphia, Pa. Dec. 23, 1904 
Woopsripce, J. E. Railway Engineering Dept., British Thomson 

Houston Co., Rugby, Eng. Oct. 26, 1898 
WOODBRIDGE, JosePH Lester. Engineer, Electric Storage Battery Co., 

19th St. and Allegheny Ave., Philadelphia, Pa. Apr. 25, 1905 


Woopnury, CHARLES JEPHTA Нил, Assistant Engineer, American Tele- 
phone and Telegraph Co., 125 Milk St.,Bostun,Mass. Aug. 22, 1902 
Woopsury, Danier Coryton, N. Y.C. & H.R. R. R., 5 Vanderbilt Ave., 


New York City. Apr. 25, 1902 
Woonsury. Epwanp, Electrician, Pacific Light and Power Co.; res., 149 
W. Pico St., Los Angeles, Cal. Jan. 27, 1905 
WoopFIRLD, SYDNEY, Assistant Engineer, Brush Electrical Engineering 
Co., Ltd., London, 5. E., Eng. Feb. 28, 1902 
WOODHOUSE, Ar BERT Lrovp, General Supt. of Utah Dept, The Telluride 
Power and Transmission Co., Provo City, Utah. Aug. 22, 1902 
WoonMANSEE, Fay, Electrical Engineer, Sargent & Lundy, Railway Ex- 
change, Chicago, Il. May 17, 1904 
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Wooproore, WILLIAM Токтом, Dynamo Tender. The B. C. Electric Rail- 
way Co., Ltd., 1423 Georgia St., Vancouver, B.C. Арг. 28, 1903 


Woopwarp,. ConNELIUs WENDELL, Purchasing Agt., Electric Storage 
Bat. Co., 19th St. & Allegheny Ave. Philadelphia. Sept. 26, 1902 


WoopwARp, FREDERICK SEARLE, 131 Herkimer St., Brooklyn, N. Y. 
June 28, 1901 


WoopwaARp, HENRY WirMor, Secretary, The Cleveland Engineering Co., 


1210 New England Building, Cleveland, Ohio. May 19, 1903 
Woopwe ti, ArtHuR Howarp, Meter Tester, Washington Watr Power 
Co., Spokane, Wash. Feb. 26, 1904 
WoopwonTH, Geo. K., Patent Attorney, Browne & Woodworth, 31 State 
St., Boston, Mass. Feb. 17, 1897 
Woopwortn, Leon Byron, Electrical Engineer, New "Teriot Gold Mining 
Co., Johannesburg, Transvaal. Nov. 23, 1900 


WoopwonTH, Рнпилр BELL, Professor of Electrical Engineering, Lewis 
Institute, Chicago; res., 5808 Ohio St., Austin, 11. July 12, 1900 
Woorr, ALBERT E., Electrician and Inventor, The Electrozone Co., 832 


West End Ave., New York City. Sept. 16, 1890 
"WooLFENDEN, Henry L., President and Chief Engineer, Gilbert Wilkes & 
Co., 435 17th St., Denver, Colo. Mar. 27, 1903 
Woo.rorp, WILLIAM ALLEN, General Electric Co., Richmond, Va. 
Oct. 24, 1902 
Woo ttiscrort, JouN Hanorp, Electrical Engineer, Minas do San Bento 
Santa Barba, Minas Geras, Brazil. May 19, 1903 
"Wonswick, A. E., with S. Pearson & Son, Ltd., Puente de Alvarado 15, 
Mexico City. Sept. 20, 1893 
Woy, FRANK PALMER, Assistant to Electrical Engineer, J. G. White & 
Co., 43 Exchange РІ., New York City. July 25, 1903 
Wray, J. GLEN. Superintendent of Maintenance, Chicago Telephone Co.. 
510 Eddy St., Chicago, 11. Sept. 20, 1893 
W niGHT, CHARLES Harvey, Engineer · anadian General Electric Co., 14 
King St., E., Toronto, Ont. Dec. 18, 1903 
WuicHT, FRANK Tuomas, Draftsman, Underground Electric RailwaysCo., 
Hamilton House, Victoria Emb. London. Oct. 23, 1903 
Wricat, GILBERT, Electrical Engineer, The Stanley Electric Mfg. Co., 
Pittsfield, Mass. | June 19, 1903 
WriGHT, JOHN JosEgPH, General Manager, Toronto Electric Light Co., 
i 12 Adelaide St., E. Toronto, Ont. Aug. 25, 1905 
WRIGHT, REUBEN IrvinG, Assistant Engineer, Electric Controller and 
Supply Co., Cleveland, O. July 19, 1904 
WRIGLEY, Groner: Assistant, Engineering Department, General Electric 
Co., Empire Bldy., Atlanta, Ga. Dec. 19, 1902 
WUNDERLICH, ADOLPH, Electrical Engineer, Cuvahoga, Mavfield Road, 
Sanderstead, Surrey, Eng. July 28, 1903 
Wourpack, Носо, Superintendent of Electric Station, Laclede Gas Light 
, Co.; res., 1221 Euclid Ave., St..] ouis, Mo. Dec. 18, 1903 
WYLIE, DR. WALKER GILL, President: Southern Power Co.; res., 28 W. 
40th St., New York City. Oct. 27, 1905 
Wrz, RoBERT Epwarp, Captain U. S. A.tillery Corps, Fort Adams, 
Newport, R. I. Sept. 25, 1903 
Wyman, WALTER S., Manager, Messalonskee Electric Co., and Oakland 
Electric Co., Waterville, Me. Jan. 23, 1903 


Wynkoop, Новевт SCHURMAN, Electrical Engineer, Dept. of Water Sup- 
ply, Gas & Elec., Municipal Bldg., Brooklyn, N. Y.. May 15, 1905 
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Wynn, Joun G., Engineer Northern Electric Mfg. Co.; res., 1223 Jenifer 


St., Madison, Wis. | Dec. 18. 1903 
Yamazaki, Suro, Chief Engineer, Keihin Electric Ry Co., Kawaskt. 
Kanagawaken, Japan. Jan. 24, 1902 
Yawcer, Tuomas H.. Asst. Superintendent, Rochester Gas & Electric 
Co., 84 Andrews St., Rochester, N. Y. July 19, 1904 
YEAKLE, James RB.. Superintendent of Telegraph, Fire Department City 
Hall, Baltimore, Md. june 14, 1905 
YEARSLEY, EvcENE WirsoN, Electrical Engineer, Midvale Steel Co.. 
Nicteown, Philadelphia, Pa. Mar. 27, 1903 
YENSEN, PETER, General Manager, The Cleveland Telephone Co., Tele- 
phone Building, Cleveland, Ohio. Mar. 27, 1903 


YEREANCE, WirriAM Burnet, Consulting Engineer, 24 Broad St., New 
York City; res., 418 Center St., South Orange, N. J. Mar. 24, 1905 
YETMAN, CHARLES ELMER, V. P. and General Manager, Yetman Trars- 
mitting Typewriter Co., New York City. Jan. 27, 1905 
Yorke, GEoRGE MansHaALL, Asst. Engineer. American Tele. and Telegraph 
Co., 15 Dey St.; res., 44 Irving Pl., New York. Apr. 25, 1902 
Yosuisaka, SuKicui, Electrical Engineer, 47 2d St., Sannomiya, Kobe, 
Japan. Aug. 25, 1905 
YovuNc, CHARLEs I., Electrical Engineer, Westinghouse Elec. & Mfg. Co., 
708 Land Title Bldg., Philadel) aia, Pa. June 27, 1895 
YovNc, Ernest James, Electrician, Michigan Lake Superior Power Co.. 
905 Swinton St., Saulte Ste Marie, Mich. Dec. 15, 1905 
Younc, FREDERICK WitLiAM, Chief Tester, Crocker- Wheeler Co., Ampere 
N. J.; res., 47 William St., East Orange, N. J. Aug. 22, 1902 
Үоомс, Н. W., Salesman, Westinghouse Electric and Mfg. Co., 716 Board 
of Trade Bldg., Boston, Mass. Apr. 28, 1905 
Younc, JOHN Mason, Engineering Department, Westinghouse, Church 
Kerr & Co., 8 Bridge St., New York City. Sept. 26, 1902 
Young, James Watts, The Benedict, 80 Washington Square, New 
York City. Dec. 18, 1903 
Young, WILLIAM ALEXANDER, Cable Inspector, Electrical Commission of 
Baltimore; res., 311 E. North Ave., Baltimore, Md. Mar. 24, 1905 
YOUNGBLOOD, FRANK JAMES, General Manager's Ottice, Westinghouse 


Electric and Mfg. Co., Pittsburg, Pa. May 17, 1904 
Younpt, Grorce Jacob, Electrical Engineer, Southern Bell Telephone & 
Telegraph Co., Atlanta, Ga. Apr. 22, 1904 
ZABEL, Max W., Sales Manager, American Electric Tel. Co., State & 
Gita St.. Chicago, Ш, Jan. 24, 1900 
ZABRISKIE, HENRY LvrkEs, Electrical Engineer, Diehl Mfg. Co., Elizabeth. 
N. J.; res., 28 Regent P1., Brooklyn, №. Y. Mar. 27, 1903 
ZaLINSKI, EpMuND L., Major of Artillery, U. S. A. (retired), 201 E. 
loth St., New York City. May 17, 1887 
Zani, ARNALDO, P. Electrical Engineer, English Electric Mfg. Co., Ltd.. 
Preston, Lancashire, Eng. July 12, 1900 


Zapata, J. M., Constructing Engineer, Olozaga 3, Madrid, Spain. 
Feb. 28, 1900 
Zapp, Lovis Mitton, Chicago & Milwaukee Electric Railroad. Co., 


H.vhwood, lil. Sept. 25, 1903 
Zavitz, Ricard HERMON, District Manager, .Mlis-Chalincers- Bullock, 
Ltd., Vancouver, i3. C. Feb. 26, 1904 
ZIMMERMAN, CLARENCE [RvING, Experimental Work, Carborundum Co., 
525 Jefferson Ave., Niagara Falls, N. Y. Apr. 22, 1904 
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ZORAWSK!I, CONSTANTIN, Designing Engineer, Schulenstrasse 27a, Riga, 


Russia. Mar. 25, 1904 
ZUCKER, ARTHUR A., Draftsman, N. Y.C. & H. R. R. R. Co., res., 308 
W. 94th St., New York City. Jan. 29, 1904 


ZURFLUH, WILLIAM NICHOLAS, Superintendent Home гак Power & 
Heating Co., Room 21, Kelly Building, Springfield,O. Jan. 3, 1902 
ZWIETUSCH, EDWARD Отто, Electrical Engineer, Telephon Apparat Fabrik 
Petsch, Z. & Co., Salzufer 7, Charlottenburg, Ger. ov. 22, 1901 
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95 Liberty St., New York, N. Y. 


PAST-PRESIDENTS. 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 

T COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 
IZLIHU THOMSON, 1889-90. 

W. A. ANTHONY, 1890-91. 

ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE, 1892-3. 


EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8 
A. E. KENNELLY, 1898-1900. 
CARL HERING. 1900-1901, 
CHARLES P. STEINMETZ, 1901-2 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4, 


J. W. LIEB, JR., 1904-5. 


GENERAL COUNSEL. 


PARKER and AARON, 
52 Broadway, New York. 


STANDING COMMITTEES. 
(Required by Constitution. President must fill.) 


EXECUTIVE COMMITTEE. 
(Officers Ex-Officio and four Directors.) 


SCHUYLER SKAATS WHEELER Chairman. 


JOHN J. CARTY. SAMUEL SHELDON 
С. О. MAILLOUX. САКО 8. DUNN. 
GEORGE A. HAMILTON. RALPH W. POPE. 


EDITING COMMITTEE. 
(One Director and two others.) 


RALPH W. POPE, Chairman pro tem. 


COMMITTEE ON FINANCE. 
(Three Directors.) 


JOHN J. CARTY, Chairman. 
HENRY G. STOTT. J. G. WHITE. 


COMMITTEE ON PAPERS. 
(One Director and four others.) 


SAMUEL SHELDON, Chairman. 
Р. A. С. PERRINE. |. НЕМВҮ С. STOTT. 
BANCROFT GHERARDI. HENRY A. LARDNER. 


BOARD OF EXAMINERS. 
(One Director and four others: all full Members.) 


WILLIAM MAVER, Jr., Chairman. 
CUMMINGS C. CHESNEY. LEWIS B. STILLWELL. 
HENRY A. LARDNER. TOWNSEND WOLCOTT 


LIBRARY COMMITTEE. 
(One Director and four others.) 
WILLIAM D. WEAVER, Chairman. 
WM. J JENKS. F. W. ROLLER. 
F. A. PATTISON CHARLES A. TERRY. 


SPECIAL COMMITTEES. 
(Appointed by Board of Directors.) 


REPRESENTATIVES ON UNION ENGINEERING BUILDING COMMITTEE 
and TRUSTEES OF UNITED ENGINEERING SOCIETY. 


CHARLES Р. SCOTT. BION J. ARNOLD. 
JOHN W. LIEB. Jr. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 


CHARLES S. BRADLEY. WM. HAND BROWNE, Jr 
CHARLES L. CLARKE. HENRY L. DOHERTY 
CHARLES L. EDGAR. GEO. A. HAMILTON. 
JOHN F. KELLY. SAMUEL REBER 

T. COMMERFORD MARTIN. FRANK J. SPRAGUE. 
CHARLES F. SCOTT. TOWNSEND WOLCOTT. 


HENRY G. STOTT. 
REPRESENTATIVES ON BOARD OF AWARD, JOHN FRITZ MEDAL 


CHARLES Е. SCOTT. JOHN W. LIEB Jn. 
BION J. ARNOLD. SCHUYLER SKAATS WHEELER. 


SPECIAL COMMITTEES. 
(Such Committees as the President may decide to appoint.) 


COMMITTEE ON LAW. 
С. О. MAILLOUX, Chairman. 
CHARLES A. TERRY. RALPH W. POPE. 
JOHN J. CARTY. JOHN W. LIEB, Jr. 
BUILDING FUND COMMITTEE. 
T. COMMERFORD MARTIN, Chairman. 


JOHN J. CARTY. JOHN W. LIEB, Jr. 
CHARLES L. EDGAR. FRANK J. SPRAGUE. 
J. G. WHITE. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


HENRY S. CARHART. ROBERT B. OWENS. 
JOHN W. LIEB, Jn. CHARLES F. SCOTT. 

C. O. MAILLOUX. CHARLES P. STEINMETZ. 
HENRY G. STOTT. S. W. STRATTON. 


NATIONAL ELECTRIC CODE COMMITTEE. 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 
JOSEPH С. FORSYTH. Н. A. SINCLAIR.’ 
CHRIS. M. GODDARD. ARTHUR WILLIAMS. 
С. J. Н. WOODBURY. 


COMMITTEE ON FOREST PRESERVATION. 


F. A.C. PERRINE, Chairman. Р. О. GOSSLER. 
Н. A. FOSTER. HENRY A. PRESSEY. 
W P.JUDSON. CHARLES E. WADDELL 


LOCAL ORGANIZATION COMMITTEE. 


CHARLES Е. SCOTT, Chairman. 
H. H. NORRIS. CALVIN W. RICE. 
PAUL SPENCER. HENRY G. STOTT. 


LOCAL HONORARY SECRETARIES. 


JAMES S. FITZMAURICE, WM. B. HALE, 
210 George St.. Sydney N. S. W. Arco de San Augustin, 8 Mexico. 
H. F. PARSHALL, CLARE F. BEAMES, 
Salisbury House, London Wall E.C., London. [for Porto Rico and West Indies), 
San Juan, P.R. 
ROBERT B OWENS, W G. T. GOODMAN, 


MeGill University, Montreal P. Q Dunedin, New Zealand. 
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Local Secretaries. 


BARRY DIBBLE, 
1317 Summit Ave., 


St. Paul, Minn. 


D W. RICHARDS. 
University of Missouri, 


Columbia, Mo. 


А. S. LANGSDORF, 
Engineers’ Club 


St. Louis, Mo. 


THEODORE VARNEY, 
Westinghouse E. & M. Co., 


East Pittsburg, Pa. 


H. D. JACKSON, 
83 Newbury Street, 


Boston, Mass. 


R T. MacKEEN, 
14 King Street. 


Toronto, Ont. 


Н В. ALLENSWORTH, 
Engineers’ Club, 


Columbus, O. 


GEORGE C. SHAAD, 
University of Wisconsin, 


Madison, Wis. 


H. F. SANVILLE, 
710 Girard Trust Bldg., 


Philadelphia, Pa. 


A. J. FORBESS, 
University of Colorado, 


Boulder, Col. 


P A. FISH, 
Iowa State College, 


Ames, Iowa. 


H X KING, 
Western Electric Co., 


Chicago. 


H. L. FREDERICK, 
Pennsylvania State College, 


State College, Pa. 


H H. NORRIS, 
Sibley Collexe, Cornell University, 


Ithaca, N. Y. 


WILLIAM ESTY, 
Lehigh University, 


Bethlehem, Pa. 


LAURENT LOWENBERG, 
Bullock Elec. Mfr. Co. 


Cincinnati, О. 


F. E. BEUTLER, 
Ohio State University. 


Columbus O. 


J. W. ESTERLINE. 
Purdue University, 


Lafayette, Ind. 


MORGAN BROOKS, 
University of Illinois, 


Urbana, 111. 


CHARLES G. EDWARDS, 
Electrical Commission, 


City Hall, Baltimore, Md. 


R. NEIL WILLIAMS, 
« Union University. 


Schenectady, М. Y. 


PHILANDER BETTS, 
* The Northampton,” 
Washington, О. С 


W. В. COLLIER, 
230 Lawton Street, 


Atlanta, Ga. 


W. S. WHEELER. 
711 Twenty-Third Avenue. 


Seattle, Wash. 


C. E. FREEMAN, 
Armour Inst. of Technology. 


Chicago. Ill. 


C. H. GILBERT, 
Worcester Poly. Inst., 
Worcester, Mass 


G. L. EVANS, 
Washington University, 


St. Louis, Mo. 


L. S. OLNEY, 
University of Arkansas. 


Fayetteville, Ark. 


C. S. KENNEDY, 
University of Michigan, 


Ann Arbor, Mich. 


Н.Н. BARNES, Jr. 
Stanley-G I. Elec. Mfg. Co.. 


Pittsfield. Mass. 


A. H BABCOCK, 
Merchants’ Exchange Bldg.. 


San Francisco, Cal. 


W. P. GRAHAM, 
Syracuse University, 


Syracuse. N. Y. 


APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 
following candidates for election to the INsTITUTE as Associates: 
these applications will be considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before April 


27, 1906. 

4961 Louis C. F. Nautre, Hartford, Conn. 
4962 Oddgeir Stephensen, St. Louis, Mo. 
4963 Edward G. Gallagher, Berlin, Germany. 
4964 James Н. Haberly, Boston, Mass. 
4965 Thomas Z. Franklin, Brooklyn, N. Y. 


4966 
1967 
4968 


Eliphalet Nott, 
Carlos del Rio, 
Albert W. Stuntz, 


Brooklvn, N. Y. 
Tampico, Mex. 
Mansfield, O. 


4969 Henry J. Wynne, Wellington, N. Z. 
4970 Weldon W. Freeman, Brooklvn, N. Y. 

4971 Thomas R. Lvle, Melbourne, Australia. 
4972 Decatur S. Miller, New Haven, Conn. 
4973 Elrov J. Pratt, Webb City, Mo. 

4974 Robert P. Pavne, Duluth, Minn. 

4975 Willham S. Bishop, Ithaca, N. Y. 

4976 Clarence G. Boyden, ` Ridgewood, N. J. 


4977 


Knei L. Wu, 


Hong Kong, China. 


497S Richard M. Arms, seattle, Wash. 
4979 James D. Andrews, Brooklvn, N. Y. 
4980 Clarence Carson, Wilkinsburg, Pa. 
4981 Frederick S. Chapman, Flushing, L. 1. 
4982 William S. Gibson, New York, N. Y. 
4983 Jerome D. Kennedy, E. Orange, N. J. 
4984 Gerard S. Maltha, Wilkinsburg, Pa. 
4985 Teishiro Otaki, Kvoto, Japan. 


4986 
4987 
4985 


samuel G. Rhodes, 
William С. Spruance, 
Lewis H. Vail, 


New York, N. Y. 


Wilmington, Del. 


Scranton, Pa. 


4989 
4990 
4991 
4992 
4993 
4994 
4995 
4996 
4997 
4998 
4999 
5000 
5001 
9002 
9003 
5004 
5005 
5006 
5007 
5008 
5009 
5010 
5011 
5012 
5013 
5014 
5015 
9016 
5017 
23018 
5019 
. 0020 
5021 
230227 
5023 
5024 
3025 
2026 
2027 
5025 
5029 
9030 


True S. Clark, 

john F. C. Snell, 
Charles P. Vaill, 

Eliel F. Wilson, 
George O. Baker, 
James W. Allen, 
Harry H. Adams, 
Stephen R. A. Clement, 
Peter V. Hovt, 

Karl E. Peiler, 
Edward D. Ruth, 
Herbert E. Shreeve, 
Guion Thompson, 
Washington Devereux, 


Gordon McK. Campbell, 


William D. White, 
Ralph C. Meade, 
James Н. Colk t, 
Edward M. Murphy, 
Alburto Bement, 
Joseph A. Osborn, 
Ernest L. Cave, 
Wesley T. Oviatt, 
John F. Warren, 
George H. Patten, 
Stefaan Pick, 
Antenor Valladares, 
Arthur Н. Hoffman. 
Cyrus Corliss, 

Louis Mulheizler, 
George A. Schneider, 
Benjamin H. Ryder, 
George R. Davison, 
Richard M. Hopkins, 
Albert C. Jewett. 
Arthur E. Johnson, 
James W. Estes, 
Grover G. Rehfeld, 


John Edward Stirling, | 


John Liston, 
John W. Wright. 
Edwin J. Prindle, 


Seattle, Wash. 


Sunderland, England. 


Worcester, Mass. 
Somerset, Wis. 
New Vork, N. Y. 
Boston, Mass. 
Baltimore, Md. 
Toronto, Ontario. 
New York, N. Y. 
Elizabeth, N. J. 
Lancaster, Pa. 


Boston Highlands, Mass. 


Litchfield, Conn. 
Philadelphia, Pa. 
Pittsburg, Pa. 
Worcester, Mass. 
Brooklyn, N. Y. 
Brooklyn, N. Y. 
Schenectady, N. Y. 
Chicago, Ill. 

St. Louis, Mo. 


Mvsore State, So. India. 


Bridgeport, Conn. 
Dunedin, N. Z. 
Schenectadv, N. Y. 
Lockport, N. Y. 
Ithaca, N. Y. 
Ames, Iowa. 
Randolph, Mass. 
Alleghenv, Pa. 

San Francisco, Cal. 
Pittsburg, Pa. 
Dorchester, Mass 
Baltimore, Md. 
Kashmir, India. 
Washington, D. €. 
Atlanta. (ба. 
Milwaukee, Ws. 
San Juan. P. R. 
Pittsfield, Mass. 
Philadelphia, Pa. 
New York, N. Y. 


Lan n OE e 


5031 George E. Kirby, 


5032 Roderick R. McKenzie, 


5033 John Lindall, 

5034 Chester Н. Tapping, 
5035 John Lindall, 

5036 Arthur Wright, 
5037 Ernest C. Chisholm, 
5038 Joseph H. Libbey, 
5039 John McL. Kingsbury, 
5040 Arthur Aigeltinger, 
5041 Edward P. Evers, 
5042 Earl A. Gaensslen, 
5043 Stanley C. Foote, 
‘5044 William G. Mack, 


T oledo, Ohio. 


San Juan, P. R. 
Boston, Mass. 
Boston, Mass. 
Boston, Mass. 
London, England. 
Cienfuegos, Cuba. 


New Haven, Conn. 


Milwaukee, Wis. 
New York City. 
St. Louis, Mo. 


Ithaca, N. Y. 


Cudahy, Wis. 
Sioux Falls, S. D. 


-e . 


Total, 84. 


APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO 
MEMBER. 
Any objection to these transfers should be filed at once with the Secre- 
tary. ? 
аи for transfer by the Board of Examiners, March 9, 1906: 
W ALTER MERRITT Riccs, Director, Department of Electrical and 
Mechanical Engineering, and Professor of Electrical En- 
gineering, Clemson College, South Carolina. 

Harve REED Stuart, Electrical Engineer and Designer with 
Westinghouse Electric & Manufacturing Co., Pittsburg, 
Pa. 

CHARLES AuSTIN GREENIDGE, General Manager Electric Depart- 
ment, Utica Gas & Electric Co., Utica, N. Y. 

Maurice AucusTus VIELE, Electrical Engineer, New York City. 

CHARLES WATERMAN STONE, Assistant Engineer Lighting De- 
partment, General Electric Co., Schenectady, N. Y. 

Eucene GmnirriN, First Vice-president General Electric Co., 
New York City. 

CHARLES FosrER Bancrort, Electrical Engineer, 84 State St., 
Boston, Mass. 
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MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New York, Friday evening, 
February 23, 1906. President Wheeler called the meeting to 
order at 8:30 o'clock. 

The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 62 Associates 
elected, as follows: 


ALLEN, CHAUNCEY Loomis, General Manager, Utica С. A. Greenidge. 
and Mohawk Vallev Railway Co., Utica, N. Y. W. J. Harvie 
Н. 5. Williams. 


-ARNSON, Lupwic, Engineer Assistant Marconi Wire- W. A. Anthony. 
less Telegraph Co. of America; res., 665 Lexing-, W. W. Bradfield. 


ton Ave., New York City. F. Townsend. 
BEARDSLEY, HavirnLAH, Sales Agent, Westinghouse J. Z. George. 
Elec. & Mfg. Co., 317 Joplin St., Joplin, Mo. ‚ В. Whitted. 
D. E. Webster. 


-BENEDICT, VALLETTE Lyman, Electrical Engineer, Н. G. Reist. 
General Electric Co.; res., 5 Glenwood Boule- Р. Т. Hanscom. 
vard, Schencctady, N. Y. R. W. Pope. 


Bery, AMAR NarH, Testing Department, General Elec- J. C. Kelsey. 
tric Co., Ltd., 297 Slade Rd., Gravelly Hill, C. P. Matthews. 
Brimingham, Eng. J. W. Esterline. 


Briccs, WALLACE WHEATON, District Office Manager, А. H. Babcock. 
Westinghouse Electric and Mtg. Co., 425 Mar- C. F. Scott. 
ket St.; res., 727 Cole St., San Francisco, Cal. B. С. Lamme 
CassEL, Isaac MICHAEL, Tester, General Electric Co.; E. E. Boyer. 
res., 82 Mall St., Lynn, Mass. G. E. Sanford. 
: K. M. Bradley. , 
CoLLINS, FRED Luxe, Assistant Chief Electrician, P. V. C. See. : 
Illinois Steel Works; res., 746 E. 70th St., W. T. Dean. 


Chicago, Ill. R. W. Pope. 
CoNNELL, Harvey Francis, Engineer, Semet Solvay W. P. Graham. 
Co., 114 W. Adams St., Syracuse, N. Y. H. W. Sykes. 
W. E. Hopton. 
CRECELIUVS, LAWRENCE P., Chief Electrician, United C. A. Hobein. 
Railways Co., St. Louis, Mo. Richard McCulloch 
G. W. Broome 
Cross, ALBERT Henry, General Superintendent, Man- J. J. Carty. 
hattan Frie Alarm Co.; res., 51 Manhattan Н. Е. Blackwell. 
Ave., New York City. R. W. Pope. 


Curtis, Jonn DawtEL, Assistant Superintendent, E. L. Morley. 
Hatzel and Buehler; res., 461 W. 164th St., J. C. Hatzel. 
New York City. Thomas Cecil. 


E eS ee 
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Curtiss, Јонм Ler, Engineer, Juniata Hydro-Elec- D. B. Rushmore. 
tric Co., 405 Penn St., Huntingdon, Penn. W. I. Slichter. 
К. N. Williams. 


DARBEE, WILLIAM, Engineer, Commission of Gas and С. W. Rice. 
Electricity, State of N. Y., 5 Nassau St., New Paul Spencer. 


York City, ү Pestell. 
DEAN, WILLIAM FAIRCHILD, Local Manager, Canadian К. S. Kelsch. 
General Electric Co., Ltd., Montreal, Can. R. x Ross. 
R. D. Mershon. 
DickiNsoN, EDWARD CLARK, Burgess and Norton W. S. Franklin. 
Mfg. Co., 495 Laurel St., Elgin, Ill G. W. Bissell. 
L. B. Spinney. 


Гил, RaAvMoND, Sales Department, Allis-Chalmers L. E. Bogen. 
Co.; res., 2256 Madison Ave., Norwood, Ohio. B. A. Behrend. 
H. L. Van Valken- 
burg. 
DorkaART, Leo, Draughtsman, Deere & Co.; res., 1442 Morgan Brooks. 
13th St., Moline, Ill. H. C. Marble. 
W. H. Williams. 
DreyFus, Epwin Davip, Power Department, Allis- A. Е. Ganz. 
Chalmers Co., 447 Cass St., ilwaukee, Wis. H.A. Strauss. 
A. L. Mudge. 
Durer, WILLIAM ARCHIBALD, Engineering Salesman, J. A. Burnett. 
Canadian Westinghouse Co., Ltd., Montreal, R. B. Owens. 


Can. R. W. Pope. 

Fay, ALBERT EUGENE, Patent Solicitor, Southgate & James Walsh. 
Southgate, 339 Main St., Worcester, Mass. . M. Warren. 

J. O. Phelon. 


GARDNER, THOMAS Mooney, Assistant Professor of Morgan Brooks. 
Electrical Engineering, University of Illinois; A. L. Rice. 


res., 1005 W. Oregon St., Urbana, Ill. james Hamilton. 
Gray, Percy, 76 West 131st St., New York City. G. W. Barker. 
R. W. Pope. 


F. L. Hutchinson. 


GuNwN, RoBERT T., General Manager, Lexington Rail- H. T. Brown. 
way Co., Lexington, Ky. T. Fitzgerald, Jr. 
Percival Moore. 


Gunter, Еми, Electrical Draughtsman, Western Z. M. Bowden. 
Electric Co., 463 West St., New York City. H. C. Walter. 
S. W. Coleman. 


HACKETT, CHARLES Marcus, Electrical Engineer, D. B. Rushmore. 
Y. C. & Н. R. К. В.; res, 1239 State P. T. Hanscom. 
St., Schenectady, N. Y. J. B. Tavlor. 


Haines, EDwARD L., Electrical Engineer, T. С. White H. A. Lardner. — 
& Co., 43 Exchange Place; res., 158 W. 46th Calvin W. Rice. 
St., New York City. R. W. Lohman. 


Harper, WALTER ANDREW, Consulting Engineer, B. J. Arnold. : 
Harper Brothers & Co.; res., 13 St. Helen’s Oliver Shiras. 
Place, E. C. London, Eng. A. A. C. Swinton. 


Harris, Forp WurirMAN, Engineer, Westinghouse Н. D. James.  ; 
Electric and Mfg. Co.; res., 318 Rebecca St., S. M. Kintner. 
Wilkinsburg. Pa, N. W. Storer. 


Harris, РиплР Howarp, Electrician, Raleigh Elec- Н. E. Cole. 
tric Co.; res., 126 So. Harrington St., Raleigh, E. Е. Collins. 
N. C. Porter Eveland. 


HaAvLER, GEoRGEB ERNEST, Superintendent, Spring J. Z. George. | 
River Power Co., 315 Miners’ Bank Building, G. A. Damon. 
Joplin, Mo. Р. L. Battey. 
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Joiner, WirLiAM  NomRvar, Superintendent, San C. W. Davis. 
Marcos Electric Light and Power Co., San R. W. Pope. 
Marcos, Texas. F. L. Hutchinson. 


KENYON, BLYDoN ELLERY, Instructor in Electrical А. С. Scott. 
Engineering, University of Texas, Austin, Tex. A. A. Radtke. 
H. B. Spencer. 


La Porte, Моввевт M., Electrical Engineer, Atlantic Н. №. Smith. 
Mills; res., 410 Broadway, Providence, К. I. C. B. Burleigh. 
J. A. Smith. 


MAYER, FRANKLIN JULES, District Manager, Wiscon- W. S. Franklin. 
sin Telephone Co., 16 So. Carroll St., Madison, D. C. Jackson. 
Wis. С. С. Shaad. 


MacVauGH, HERBERT Wayne, District Representa- L. Н. Thullen. 
tive, Cutter Electric and Mfg. Co., 2213 Farm- W. M. Scott. 
ers’ Bank Building, Pittsburg, Pa. R. W. Pope. 


MoNTELIUS, CARL, Assistant Engineer, Swedish State Robert Dahlander 
Railways, Ostermalmsg 48, Stockholm, Swe- К. A. Lindstrom. 
den. Herbert Martin. 

Morse, GEorGE Hart, Professor of Electrical Engi- Morgan Brooks. 
neering, University of Nebraska, Lincoln, Neb. G. D. Shepardson. 

E. P. Burch. 

MUNROE, GEORGE EGBERT, Electrical Engineer, Stone Н. B. Smith. 

& Webster, 827 Lumber Exchange Building, R. W. Pope. 
Minneapolis, Minn. J. F. Vaughan. 

NiLES, EL10T WRiGHT, Assistant Testing Department, H. E. Clifford. 

Massachusetts Institute of Technology; res., R. R. Lawrence. 


561 Bovlston St., Boston, Mass. C. H. Porter. 
NuTTER, Epwanp Нот, Superintendent, Standard Е. С. Baum. 
Consolidated Mining Co., Bodie, Cal. F. E. Smith. 

S. L. Foster. 


OFVERHOLM, Ivan, Electrical Engineer, Swedish Robert Dahlander 
State Railwavs, Dalagatan 56 A, Stockholm, Charles Hassler. 


Sweden. ` K. A. Lindstrom. 
OskAMP, Howarb EARLE, Salesman, Allis-Chalmers B. J. Clingerman. 
Co., Buffalo, N. Y. E. M. Gerry. 

L. L. Tatum. 


PENNEFATHER, WILFRED ERNEST, Resident Station R. T. Strike. 
Engineer, Launceston City Council, Launceston, R. W. Pope. 
Tasmania. F. L. Hutchinson. 


PuiLLiPS, Epwin Terry, Electrical Superintendent, Е. С. Clark. 
P. N. Y. and L. I. К.К. Co., 4th and Front Sts., W. N. Ryerson. 


Long Island City, N. Y. W. A. Pearson. 
PORTER, ROYAL ARTHUR, Assistant Professor of Phy- W. P. Graham. 
sics, Syracuse University; res., 808 Ostrom H. W. Svkes. 
Ave., Syracuse, N. Y. H. W. Connell. 
Post, Isaac M., N. Y. Manager, Clifton Mfg. Co. of С. F. Sever. 
Boston, 308 West St., New York City. W. D. Weaver. 
F. E. Kinsman. 
RATTERMANN, C. J., Salesman, Allis-Chalmers Co.; L. E. Bogen. 
res., 2419 Ohio Ave., Cincinnati, O. L. L. Tatum. 


B. A. Behrend. 
RrvNoLDS, Baxter, Sales Engineer, Nernst Lamp C. A. Greenidge. 


Co.; res., 148 Park Ave., Utica, М. Y. . С. A. Barton. 
F. B. Erwin. 

RICHARDS, EnGar Utysses, Electrical Inspector, Ohio Н. R. Allensworth 
. Inspection Bureau, Columbus, О. . H. C. Harris. 


R. W. Pope. 
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RoBiNsoN, RALPH HARPER, Storage Batter 
neer, San Francisco Gas and Electric 
1192 Ellis St., San Francisco, Cal. 

Rocers, Frep A., Assistant Professor of Electrical 
Engineering and Physics, Lewis Institute, Chi- 
cago, Ill. 

RUSSELL, JAMES MILLAR, Student Polytechnic Insti- 
tute; res., 890 Hancock St., Brooklyn, N. Y. 


SHARP, WILLIARD CANFIELD, General Foreman, New 
York Edison Co., 117 W. 39th St., New York 
City; res., 74 South 12th St., Roseville, N. T. 


STEWART, GEORGE WIGRAM, Manager, Victorian 
Branch, Standard Electric Elevator Co., Mel- 
bourne, Victoria. 


THOMPSON, WILLIAM J., Salesman, 26 Cortlandt St., 
New York Citv. 


Tracy, ATLEE HorFMan, Electrical Engineer, West- 
inghouse, Church, Kerr & Co., 10 Bridge St.; 
res., 123 East 24th St., New York City. 

VIELE, Maurice A., Assistant to Ist Vice-President, 
General Electric Co., 44 Broad St.; res., 172 
West 79th St., New York City. 


WEBER, WILLIAM F., Electrical Operator, Interbor- 
ough Rapid Transit Co., 173 Spring St., New 
York; res., 2088 Bathgate Ave., Bronx, N. Y. 

WESTERVELT, ANDREW, Superintendent, Electrical 
Department, Howard E. Crook & Co., 301 N. 
Howard St., Baltimore, Md. 


WHEELER, EARLr, Instructor in Electrical Engineering, 
Engineering School, Washington  Barracks, 
D. С. 


WINSTON, CHARLES SUMNER, Chief Engineer, Kellogg 
Switchboard and Supply Co.; res., 6127 Kim- 
bark Ave., Chicago, Ш. 


G. R. Murphy. 
R. B. Daggett. 
A. H. Babcock. 


P. B. Woodworth. 
R. W. Pope. 
J. D. Nies. 


S. W. Ashe. 
Samuel Sheldon. 
E. H. Seaman. 
J. W. Lieb, Jr. 
Calvin W. Rice. 
C. D. Haskins. 


. R. Bainton. 

. S. Fitzmaurice. 
A. J. Hanson. 

W. H. Sigourney. 
J. B. Kennedy. 
S. S. Edmands. 


W. N. Smith. | 
C. D. Burchenal. 
I. J. Macomber. 


E. W. Rice, Jr. 
Eugene Стіћп. 
W. B. Potter. 


H. G. Stott. 
R. Parker. 
. W. Pope. 
. V. Murphy. 
. W. Pope. 
L. Hutchinson. 
. H. Norris. 
. Karapetoft. 
. M. Buck, Jr. 
E. 1. Dommerque. 
. C. Kelsey. 
. B. Miller. 


cm uum wt 


The Secretarv announced further that the following Associates 


were transferred to the grade of Member: 


WiLLiAM Henry Broonp, JR., 
Mass. 


Electrical Engineer, 84 State St., Boston, 


Louis ANTHYME Hknpr, Consulting Electrical Engineer, Asst. Professor 
Electrical Engineering, McGill Universitv, Montreal. P. Q. 


WILLIAM PESTELL, Electrical Engineer, Worcester, Mass. 
Hrenscuksr A. Benepict, Electrical and Mechanical Engineer, Albany, 


New York. 


J. J. Carty, Member A. I. E. E., presented a paper entitled 


*' Telephone Engineering." 


The paper was then discussed by 


Messrs. T. D. Lockwood, M. I. Pupin, Bancroft Gherardi, C. P. 


Steinmetz. 


(For paper see March, 1906, PROCEEDINGS, page 95; for 
discussion on this paper see April, 1906, PROCEEDINGs.) 
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LOCAL ORGANIZATIONS—DIRECTORY. 


, Branches Organized. Branch Meets. 


BRANCHES, 
Chicago............ Kempster B. Miller. Н. R. King. 1st quesday after 
1893 N. Y. meeting. 
Minnesota.......... Edward P. Burch. Barry Dibble. lst Friday after 
Apr. 7, '02 N. Y. meeting. 


Pittsburg........... 2d Tuesday. 


Oct. 13 '02 


S. P. Grace. Theodore Varney. 


St. Louis......... 2d Wednesday. 


Jan. 14, '03 


ІН. H. Humphrey. А. 8. Langsdorf. 


Schenectady....... .|C. P. Steinmetz R. Neil Williams. 2d Wednesday. 


Jan. 26, '03 

Philadelphia........ C. W. Pike. H. F. Sanville. 2d Monday. 
Feb. 18 '03 

Boston............. C. A. Adams. H. D. Jackson. lst Wednesday. 
Feb. 13, '03 

Washington D. C...|E. B. Rosa. Philander Betts. 1st Thursday. 


Apr. 9 ‘03 
Toronto............ R. T.. MacKeen. R. T. MacKeen. 2d & 4th Fridays. 
Sept. 30 '03 
Columbus. ........ .|F. L. Sessions. H R. Allensworth. 2d & 4th Mondays. 
Dec. 20, '03 
Seattle............. C. E. Magnusson. W. S. Wheeler. 2d Tuesday: 
Jan. 19, '04 
Atlanta........... |А. M. Schoen. W. R. Collier 
Jan. 19 '04 
Pittsfield........... C. C. Chesney. H. H. Barnes, Jr. 3d Thursday. 
Mar. 25, '04 
Baltimore.......... J. B. Whitehead. C. G. Edwards. 2d Friday 
Dec. 16 '04 
San Francisco ..... C. L. Согу. A H. Babcock. 
Dec. 23 '04 
Cincinnati.........{C. S Reno. L. Lowenberg. 


Dec. 17, ‘02 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. 


UNIVERSITY 
BRANCHES, 


Cornell University. 
Oct. 15, '02 


Lehigh University, 
Oct. 15, '02 


Univ. of Wisconsin 
Oct. 15, '02 


Univ. of Illinois... 
Nov. 25, '02 


Purdue Universit y. 
Jan. 26, '08 


lowa State College 
Apr. 15, '03 


Worcester Poly- 
technic Institute . 
Mar. 25, '04 


Chairman. 


..|E. L. Nichols. 


W m. S. Franklin. 


.. |H. Н. Scott. 


..[W. H. Williams. 


.. |C. P. Matthews. 


. .[L. B. Spinney. 


A. T. Childs. 


. 


Syracuse University. |W. P. Graham. 


Feb. 24, '05 


STUDENT MEETINGS 


Ohio State Univ... 
Dec. 20 '02 


Penn. State College 
Dec. 20, '02 


Univ. of Missouri... . 


Jan. 10, ‘03 


Armour Institute... 


Feb. 26, ‘04 


Washington Univ... 


Feb. 26, '04 


Univ. of Michigan.. 


Mar. 25 ‘04 


Univ. of Arkansas. 
Mar. 25, '04. 


..[H. C. Bartholomew. 


. |С. L. Christman. 


H. B. Shaw. 
|С. Е. Freeman. 
А. 8. Langsdort, 
.|G. W. Lamke. 


. .|W. N. Gladson. 


Univ. of Colorado... 


Dec. 16, ‘04 


Secretary. 


H. H.Norris. 
William Esty. 
George С. Shaad. 
Morgan Brooks. 
J. W. Esterline. 
Р. A. Fish. 


G. H. Gilbert. 


W. P. Graham. 


F. E. Beutler, 
H. L. Frederick. 
D. W. Richards, 
C. E. Freeman. 
G. L. Evans. 

C. S. Kennedy. 
L. S. Olney. 


A. J. Forbess. 


Branch Meeta. 


Ist Friday after 
New York meeting. 


3d Thursday. 


Every Thursday. 


Every Tuesday. 


1st Wednesday. 


Mar. 9, Apr. 20, 
May 11. 


Ist and 3d Thurs- 
days. 


Every Tuesday- 


evening. 
Every Wednesday. 
Ist and 3d Friday. 
3d Monday. 
Ist Wednesday. 
Ist and 3d Wed- 


nesdays. 


lst & За Tuesdays. 
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" LOCAL ORGANIZATIONS— MEETINGS. 


Subject: Discussed, 
Date of (I) Indicates INSTITUTE papers. Attend- 
BRANCHES. Meeting. (O) Indicates Original papers. ance 


= - = OC eee ee — 
—— 


~l 


Chicago............| Feb. 27. | The Present Status of Single-phase Motors in 100 
Central Station Work, by W. A. Layman, ù 
St. Louis (О). 


Minnesota......... | Feb. 16. | Election of Officers. ?9 


Power Plant Economics (1). 


Mar. 2. Telephone Engineering (D). 15 


Pittsburg........... Feb. 13. | Power Stations, by W. E. Moore (О), 109 


Exciters, by P. M. Lincoln (O). 
Turbo Alternators, by Albert Kingsbury (О). 
Gas Engines, by W. D. Flint (О). 


Effect of Load Factor, by J. К. Bibbins (О). 


St. Louis...........] Feb 14. | Executive Committee elected. 12 
A Solf-exciting Alternator (D. 


Power Plant Economics (1). 


Mar. 14. | Informal dinner at Lipye’s cafe. Visit to the 23 
rotary sub-station of the United Railways Co.. 
where Richard McCulloch, Assistant General 
Manager, described the operation of the ste 


tion, 
Schenectady........ No recent report. 
Philadelphia. ee Peb. 12. John W. Kelly, Jr., showet the Telegraphphone . 67 


also the Keystone Telephone Company + 
method of sending out election returns, and 
delivering music, ete., to the home. 

Mar. 12 | The Manufacture of Telephone Cables, by J. W 112 
Kelly, Jr. (О). 


Telephone Engineering, read by J. J. Carty (D 


The Multiphone, by J. W Kelly, Jr. (О). 


M 


Boston............. Mar. 7. The Steam Turbine from the Practical Stand: 135 
peint, by C. В. Burleigh (О). : 
Washington, D. C Mar. 2. Telephone Engineering (D). 40 


Meeting held at the ‘ Main" telephone ex- 
change of the C. and P. Tel. Co, 


PEL 


-- e——— ee е ЫЫЫ __———————_ 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


Date of 


BRANCHES. Meeting. 


Toronto............ Feb. 23. 


Mar. 9. 
Columbus.......... Feb. 12. 
Feb. 26. 
Seattle............. Feb: 13. 
Mar. 13. 


Atlanta........... 


Baltimore......... | Feb. 9. 


Mar. 9. 


Pittsfield...........] Feb. 15. 
San Francisco...... 


Clincinnati...... T 


— MÀ — ———  — —— À 


UNIVERSITY 
BRANCHES. 


Cornell University. | Mar. 


№ 


Subject Discussed. 


(I) Indicates INSTITUTE payers. Attend- 
(O) Indicates Original papers. ance. 
Some Legal Propositions of Interest to Elec. 16 


trical Engineers, by Robt. Mackay (O). 


A Self-exciting Alternator (1). 19 


Renewal ot lease with Coltunbus Engineers’ 15 
Club. 


The Single Phase versus the Third-rail System 
of Electric Traction, by F. €. Caldwell (О). 


Power Plant Economies (I). 14 


Power Plant Economies (I). 8 


Announcement of program of original papers 
to be read during 1906. 


The Duties and Qualifications of Central $:2- 15 
tion Operators, by S. С. Lindsay (О). 


No recent report. 


-—— —— — ———— — 


Election of OrPcers. 535 


The Rowland Telegraph System, illustrated by 
apparatus and slides, by L. M. Potts (O). 

Meeting held at the Maryland Telephone build- 47 
ing, by courtesy of the Maryland Telephone 
and Telegraph Company. The operation o! 
the manual beard was looked into, then J. J. 
Comer read a paper entitled * The Auto- 
matic Telephone." The paper was illus- 
trated by practical operation of a cabinet 
containing automatic devices for 50 stations. 
After the meeting a collation was provided 
by the Maryland Telephone and Telegraph 
Company. 


Steam Turbines, by Oscar Junzgren (О). 35 


No recent report. 


Telephone Engineering (D. 125 


Manufacture of Telephone. Cables, by G. S 
Macomber (0). 
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LOCAL ORGANIZATIONS—MEETINGS.—C ontinued. 


Subject Discussed, 


UNIVERSITY Date of (1) Indicates INSTITUTE papers. Attendc- 
BRANCHES. Meeting. (O) Indicates Original papers. ance. 
Lehigh University... Nc recent report. 
Univ of Wisconsin. .| Mar. 1. Power Plant Economics (1). 25 


A Self-exciting Alternator (1). 


Distribution Losses, by J. С. Potter (О). 


Mar. 8. Testing Insulators (О). 19 


Automatic Synchronizing (О). 


- — M oe 


5 


Mar. 15. | Telephone Engineering (1). 


Aerial Cables Construction for Telephone Ex- 
changes, by C. W. Burkett (Q). 


— — 


University of lllinois| Fc». 22. | A Self-exciting Alternator (D. 34 


Power Plant Economies (1). 


— —— — — eee — 


Mar. 15. | Telephone Engineering (1). 


lowa State College. | Feb. 7. A Self-exciting Alternator (1). 15 


Power Plant Economics (D. 

The Capacity and Phase Relations of Two 32 
Transformers in  Two-phase-Three-phase 
Transformation, by Е. A. Fish and Adelph 
Shane (О). 


` Mar. 


ы 


-— — — - 36 


Telephone Engineering (1). 


Purdue University. | Feb. 20. | Electrical. Car Testing, illustrated by H. T. RG 
Plumb (O). 


Mar. 6. Meter Practice, by M. E. Mozingo (О). 36 


Worcester Polytech- 

nic Inst ......... Feb. 9. Some Operating Features of the Boston. Ele- 52 
vated Railway Company's Svstem, by How- 
ard S Knowlton (0). 

Mar. 6. At а joint meeting of the Mechanical, Civil, and 178 

Electrical Engineering Societies, апа the 
Worcester Chemical Society, Dr. Herman von 
Schrenk, pathologist in charge of the Missis- 
sippi Valley Laboratories of the U. S. Bureau 
of Forestry, gave an illustrated lecture on 
Тһе Decay of Timber and Methods of Tim- 
ber Preservation ` 
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LOCAL ORGANIZATIONS —MEETINGS —C ontinued. 


UNIVERSITY 
BRANCHES. 


Worcester Polytech- 


Syracuse University. 


STUDENT 
MEETINGS. 


Ohio State Univ..... 
Penn. State College. . 


Univ. of Missouri... 
Armour institute. ... 
Washington Univ... 


Univ. of Michigan... 


Univ. of Arkansas... 


Univ. of Colorado... 


Date of 
Meeting. 


Mar. 9. 


Mar. 16. 


Mar. 


Feb. 


Mar. 


15. 


21. 


Subject Discussed. 
(1) Indicates INSTITUTE papers. 
(O) Indicates Original papers. 


Power Plant Economics (1). 
The Oscillograph and Its Uses (I). 


Some Experiences with Lightning Protective 
Apparatus (I). 


Special joint meeting of the four engineering 
societies of the Worcester Polytechnic In- 
stitute. C. J. H. Woodbury, of Boston, lec- 
tured on '"' The Telephone System of To-Day.' 
The lecture wás illustrated by 150 lantern 
slides (O). 


— — MM —— 


A Self-exciting Alternator (I). 


Telephone Engineering (1). 


—————— — -——— re ee ee 


No recent report. 


No recent report. 


— 


Power Plant Economics (I). 


A Self-exciting Alternator (1). 


Papers on Lightning Protective Apparatus, by 
Messrs. Neall, Smith, and Torchio, illustrated 
by laboratory apparatus (I). 


No recent report. 


The X-rays and Other Similar Electrical Phe- 
nomena, bv V. T. Willey (O). 


A New Graphical Method of Analyzing Electro- 
motive Force Curves (О). 


No recent report. 


No recert report. 


Attend- 
ance. 


130 
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ACCESSIONS TO THE LIBRARY. 


—— — ee — 


The following is a continuation of the list of additions to the 
Library by purchase: 


Apams, б. An Essay on Electricity. 4th edition. xi. + 588 p., pl., 
84 in. London. 1792. 

ALDINI, J. General Views on the Application of Galvanism to Medical 
Purposes. vili.+96 p., 9 in. London. 1819. 

BERTHOLON, N. De lElectricité du Corps humain dans l'Etat de 
Santé et de Maladie. 2 v., pl, 8 in. Paris. 1786. 

Branca, G. Le Machine Artificio da Fare Effetti Marauiglio si tanto 
Spiritali quanto di Animale Operatione Arichito di Bellissime Figure 
31.4404 14423 f. Roma. 1629. 

BRuGNATELLI, L. V. Memorie sull Elettricita Animale. 147 p. 
84 in. Pavia. 1792. 

CALANDRELLI, G. Rayionamento sopra il Conduttore Elettrico 
Quirinale. xxxvi. p. —. 1739. 

DrUDE, P. Lehrbuch der Optik. xiv. + 498 р., 94 in... Leipzig. 1900. 

FiGvLvs, В. A Golden and Blessed Casket of Nature's Marvels. Done 
into English from the German Original Published 1608. xxxi. +361 p.. 
75 in. London. 1393. 

FRaNcESCHI, G. La Elettricita Animale. 96 p., 8} in. Ancona. 
1841. 

(GHERARDI, $. De Quadam Appendice ad Galvanometrum Multiplicans 
42 p, 12 in. 1835. 

Ragguagho di un Altro. Manoscritto Inedito del Prof. Luigi 
Galvani. p. 463-489., 12 in. 1870. 

Sopra Autograf del Galvani. 25 p., 12 in. 1866. 

GRIMELLI, G. Memoria sul Galvanismo. 193 p., 12 in. Bologna. 
1849. 

HauKSBEE, Ё. Expériences physteo-méchanigues sur ditférens Sujets. 
2 vols., pl, 6] in. Paris. 1754. 

HavsEN, C. А. Novi Profectus in Historia Electricitatis; Accessit 
Henrici de Sanden, Dissertatio. de Succino, Electricorum Principle. 
8 1.4128 p., 61 in. Lipsiae. 1746. . 

THe Hermetic Museum. Now First Done into English from the 
Latin Original Published in !678. 2 vols, ib, pl, 84 in. London. 
1893. 

KapaAINKA, V. Elemente der Elektrizität und Elektrotechnik. für 
Bergleute. — vin. 4-288 p., il, TA in... Wien. 1905. 

KELLY, E. Alchemical Writings. Translated. from the Hamburg 
Edition of 1076. lxvi. +158 p., 1L, 74 in. London. 1893. 

KvEuHN, К. G. Geschichte der medizinischen. und phvsikalischen 
Elektricitat. Pt. 1-2, pl, 8 inm. Leipzig. 1783-1785. 

Licgri, Е. Pyronarcha sive de Fulminum Natura. 4 1.—126 p.+ 
71,73 10. Patav. 1633, 


P 


Lo-Looz, R. ре. Recherches sur les Influences solaires et lunaires, 
pour Prouver le Magnétisme universel. 4 pts. in 1 vol., pl.. 81n. Londres 
et Paris. 1788. 

Manox, C., Viscount. Principes de l'Electricité. . . . traduit de 
JAnglois par l'Abbé N. 3 1. + 250 p., pl, 8 in. Londres et Bruxelles. 
1781.  . 

NEGRO, S. DAL. Dell’ Elettricismo Idro-Metallico. Pt. 1-2, 9 in. 
Padova. 1802-1803. 

THe NEw PEARL OF GREAT Price. The Original Aldine Edition Trans- 
lated into English. хі. +441 p., 74 in. Lond. 1894. 

NoLLET, J. A. Lettres sur l'Electricité.. 3 vols., 6j in. Paris. 
1753-1770. 

PALMIERI, L. Nuovo Apparecchio d'Induzione Tellurica. 16 p., pl., 
103 in. Napoli. 1815. 

PanacEsLsus, P. A. Т. Bombast von Hohenheim. Hermetic and Al- 
chemical Writings. Edited by A. E. Waite. 2 vol, 11} in. Lond. 
1894. 

PRIESTLEY, J. Histoire de l'Electricité. 3 vols., pl, 63 in. Paris. 
1771. 

Ricui, A. and DEssav, B. Die Telegraphie ohne Draht. хі. +481 p., 
il., 9 in. Braunschweig. 1903. 

Ritter, J. W. Das Electrische Svstem der Kórper. 412 p., 8 in. 
Leipzig. 1805. 

SiGAUD DE LA Fonp, J. R. De l'Electricité Medicale. 2 1. +хххіі. + 
586 p., pl, 8 in. Paris. 1802. 

Précis historique et experimental des Phénoménes électriques 
ed. 2. xvi.+624 p., pl, 8 in. Paris. 1785. 

SiNGER, G. J. Elémens d'Electricité et de Galvanisme, Ouvrage 
Traduit de l'Anglais, et Augmenté de Notes, par Thillaye. 655 p., pl., 
8 in. Paris. 1871. 

SrRUvE, C. A. System der ее Бев Elektrizitats-Lehre mit 
R«ksicht auf den Galvanismus. xxiv.+540 p., pl, 64 in. Breslau. 
1802. 

SwINDEN, J. H. van. Mémoire sur les Observations météorologiques 
Faites en Franeker en Frise. xxiv.+336 p., tab., 8} in. Amsterdam. 
1780. 


: Recueil de Mémoires sur l'Analogie de l'Electricité et du 

Magnétisme. 3 v., pl, 9 in. La Have. 1784. 

VALENTINUS, B. The Triumphal Chariot of Antimony; with the 
Commentary of Theodore Kerckringius; being the Latin Version Pub- 
lished in 1685 Translated into English. xxxiii. + 204 p., il., 8 in. Lond. 
1893. 

ZANTEDESCHI, F. Ricerche sul Termo-Elettricismo Dinamico e Luci- 
Magnetico ed Elettrico.  vii.--72 p., pl, 8} in. Milano. 1838. 

ZENNECK, J. Elektromagnetische Schwingungen und drahtlose Tele- 
graphie. xxvii-4-1019 p., iL, 10 in. Stuttgart. 1905. 

Bibliotheque britannique. Sciences et Arts. Vol. 1-60, 8 іп. Genève. 
1796-1815. 

Universelle des Sciences. Sciences et Arts. New ser., vol. 1-30, 
8 in. Genève. 1816-1825. 


MEMOIRS OF DECEASED MEMBERS. 


FREDERICK EDMOND COOLEY. 


Frederick Edmond Cooley was born in Oakland, California, 
January 4, 1878, and was killed by a fast passenger train near 
Big Nose Curve while on a trip up the Mohawk Valley, New 
York, March 28, 1905. 

He was graduated at the University of California, 1903, in 
the electrical engineering course. Previously he had over two 
years’ experience with the McCloud River R.R., and the South- 
егп Pacific К.К. Co., as an assistant in surveying. 

Shortly after graduation, he entered the testing department 
of the General Electric Company at Schenectady, N. Y., and 
later was appointed assistant foreman of the section testing 
large slow-speed machines. He was emploved by that com- 
pany continuously until his death. 

Mr. Cooley was elected an Associate of the AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS, On November 20, 1903. 


HENRY RUSTIN. 


Henry Rustin was born at Omaha, Nebraska, September 4, 
1865, and died, of tuberculosis, at Florence, Nebraska, Feb- 
ruary 27, 1906. He was the son of the late Captain Charles 
В. Rustin, one of the pioneer settlers of Omaha. Не was edu- 
cated in the public schools of Omaha, trom 1872 to 1880, and 
at Phillips Andover Academy from 1880 to 1883. He studied 
chemical and electrical engineering at the Sheffield Scientific 
School of Yale University, and was graduated with the class of 
1886. 

In 1887 апа 13% he was cashier of a bank at Neolia, 
Iowa. Іа 1889 he returned to work in the field of electrical 
engineering and was put in charge of the electrical equipment 
of the Portland, Oregon, street railway plant. He spent five 
years there, rehabilitating the street railway svstem, changing 
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from horse traction to electric traction; building three or four 
power houses, and increasing the mileage from three to fifty 
miles. In 1893 he was in charge of the power department 
of a large manufacturing company at Hazelton, Pennsylvania. 
In 1898 he was appointed superintendent of the department 
of light and power of the Trans-Mississippi Exposition at 
Omaha, and in 1899, was promoted to the position of general 
manager of the Greater American Exposition at Omaha. On 
November 15, 1899, he was appointed chief of the mechanical 
and electrical bureau of the Pan-American Exposition at 
Buffalo, having entire charge of all the exterior electrical il- 
lumination. The illumination at this Exposition was one of 
its most original and attractive features, and in itself was a 
fine tribute to Mr. Rustin’s ability. Тһе abilitv he dis- 
plaved here won for him the appointment of chief electrical 
and mechanical engineer in charge of the power installations 
at the Louisiana Purchase Exposition. 

The exacting requirements of this work won for him fresh 
laurels in the art of exterior illumination, while it threatened 
his physical welfare. His ambition seemed to know no bounds; 
he worked incessantly, paying no heed to nature’s warnings; 
finally, he was so debilitated during dedication week that he 
contracted a severe cold that terminated їп lung trouble. Ceas- 
ing his labors only at the request of his physician, he was per- 
suaded to rest for a month. He then returned, only to pay 
the penalty; quick consumption set in, and he was soon in- 
valided home. He never regained robust health, and the end 
was only a question of time. 

Mr. Rustin married Miss Lola Goodwin, daughter of Captain 
W. P. Goodwin of the Fourteenth United States Infantry, at 
Vancouver, in 1894. He is survived by Mrs. Rustin and her 
two children. | 

Mr. Rustin was elected an Associate of the AMERICAN INsTI- 
TUTE OF ELECTRICAL ENGINEERS On October 24, 1900. 
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532 Broadway, New York. 
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STANDING COMMITTEES. 
(Required by Constitution. President must fill.) 


EXECUTIVE COMMITTEE, 
(Officers Ex-Officio and four Directors.) 


SCHUYLER SKAATS WHEELER Chairman. 


JOHN J. CARTY. SAMUEL SHELDON 
С. O. MAILLOUX. САКО S. DUNN 
GEORGE A. HAMILTON. RALPH W. POPE. | 
EDITING COMMITTEE. 
(One Director and two others.) 


RALPH W. POPE, Chairman pro tem, 


COMMITTEE ON FINANCE. 
(Three Directors.) 
JOHN J. CARTY, Chairman. 
HENRY С. STOTT. J. G. WHITE. 


COMMITTEE ON PAPERS. 
(One Director and four others.) 
SAMUEL SHELDON, Chairman. 
Р. A. С. PERRINE. HENRY G. STOTT. 
BANCROFT GHERARDI. HENRY A. LARDNER. 


BOARD OF EXAMINERS. 
(One Director and four others: all full Members.) 


WILLIAM MAVER, Jr., Chairman. 
CUMMINGS C. CHESNEY. LEWIS B. STILLWELL. 
HENRY A. LARDNER. TOWNSEND WOLCOTT. 


LIBRARY COMMITTEE. 
(One Director and four others.) 


WILLIAM D. WEAVER, Chairman. 
WM. J. JENKS. Р. W. ROLLER. 
F. A. PATTISON CHARLES A. TERRY. 


SPECIAL COMMITTEES. 
(Appointed by Board of Directors.) $ 


REPRESENTATIVES ON UNION ENGINEERING BUILDING COMMITTEE 
and TRUSTEES OF UNITED ENGINEERING SOCIETY. 


CHARLES F. SCOTT. BION J. ARNOLD. 
JOHN W. LIEB, Jr. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 


CHARLES S. BRADLEY. WM. HAND BROWNE, Jr. 
CHARLES L. CLARKE. HENRY L. DOHERTY. 
CHARLES L. EDGAR. GEO. A. HAMILTON. 
JOHN F. KELLY. SAMUEL REBER. 

T. COMMERFORD MARTIN. FRANK J. SPRAGUE. 


CHARLES Р. SCOTT. TOWNSEND WOLCOTT. 
, HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD, JOHN FRITZ MEDAL 


CHARLES F. SCOTT. JOHN W. LIEB Jr. 
BION J. ARNOLD. SCHUYLER SKAATS WHEELER. 


SPECIAL COMMITTEES. 
(Such Committees as the President may decide to appoint.) 


COMMITTEE ON LAW. 
С. О. MAILLOUX, Chairman. 
CHARLES A. TERRY. RALPH W. POPE 
JOHN J. CARTY. JOHN W. LIEB, Jr. 
BUILDING FUND COMMITTEE. 
T. COMMERFORD MARTIN, Chairman. 


JOHN J. CARTY. JOHN W. LIEB, Jr. 
CHARLES L. EDGAR. FRANK J. SPRAGUE. 
J. G. WHITE. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


HENRY S. CARHART. ROBERT B. OWENS. 
JOHN W. LIEB. JR. CHARLES F. SCOTT. 

C. O. MAILLOUX. CHARLES P. STEINMETZ. 
HENRY G. STOTT S. W. STRATTON. 


NATIONAL ELECTRIC CODE COMMITTEE. 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 
JOSEPH C. FORSYTH. Н. A. SINCLAIR” 
CHRIS. M. GODDARD. ARTHUR WILLIAMS. 
C. J. H. WOODBURY. 


COMMITTEE ON FOREST PRESERVATION. 


Р. A. C. PERRINE, Chairman. P. G..GOSSLER. 
H. A. FOSTER. HENRY A. PRESSEY. 
Ұ.Р. JUDSON. CHARLES E. WADDELL. 
LOCAL ORGANIZATION COMMITTEE. 
CHARLES F. SCOTT, Chairman. 
H. Н. NORRIS. CALVIN W. RICE. 
PAUL SPENCER. HENRY G. STOTT. 
LOCAL HONORARY SECRETARIES. 
JAMES S. FITZMAURICE, WM. B. HALE, 
210 George St., Sydney N. S. W. Arco de San Augustin, 8 Mexico 
H. F. PARSHALL, CLARE F. BEAMES, 
Salisbury House, London Wall E.C., London. [for Porto Rico and West Indies], 
San Juan, P.R. 
ROBERT B OWENS, W. G. T. GOODMAN, 
McGill University, Montreal P. Q. Dunedin, New Zealand. 


Local Secretaries. 


BARRY DIBBLE, 
1317 Summit Ave., 
St. Paul, Minn. 


D W. RICHARDS, 
University of Missouri, 
Columbia, Mo. 


THEODORE VARNEY, 
Westinghouse E. & M. Co., 
East Pittsburg, Pa. 


H. D. JACKSON, 
83 Newbury Street, 
Boston, Mass. 


R. T. MacKEEN, 
14 King Street, 
Toronto, Ont. 


H. R. ALLENSWORTH, 
Engineers' Club, 
Columbus, O. 


GEORGE C. SHAAD, 
- University of Wisconsin, 
Madison, Wis. 
H. F. SANVILLE, 
710 Girard Trust Bldg., 
Philadelphia, Pa. 


A. J. FORBESS, 
University of Colorado, 
Boulder, Col. 
F. A. FISH, 
Iowa State College, 
Ames, Iowa. 
H. K. KING, 
Western Electric Co., 
Chicago. 
H. L. FREDERICK, 
Pennsylvania State College, 
State College, Pa. 


Н. Н. NORRIS, 
Sibley College, Cornell University, 
Ithaca, М. Y. 
WILLIAM ESTY, 
Lehigh University, 
Bethlehem, Pa 
LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 
Cincinnati, O 


F. E. BEUTLER, 
Ohio State University, 
Columbus, O. 


J. W. ESTERLINE. 
Purdue University, 
Lafayette, Ind. 


MORGAN BROOKS, 
University of Illinois, 
Urbana, Ill. 
CHARLES G. EDWARDS, 


Electrical Commission, 
City Hall, Baltimore, Md. 


R. NEIL WILLIAMS, 
Union University, 
Schenectady, N. Y. 


PHILANDER BETTS, 
* The Northampton,” 
Washington, О. С. 


W. В. COLLIER, 
230 Lawton Street, 
Atlanta, Ga. 


W. S. WHEELER. 
711 Twenty-Third Avenue, 
Seattle, Wash. 


C. E. FREEMAN, 
Armour Inst. of Technology, 
Chicago, Ill. 


C. H. GILBERT, 
Worcester Poly. Inst., 
Worcester, Mass. 


G. L. EVANS, 

Washington University, 
à St. Louis, Mo. 
L.S. OLNEY, ` 


University of Arkansas, 
Fayetteville, Ark. 


C. S. KENNEDY, 
University of Michigan, : 
Ann Arbor, Mich. 


Н.Н. BARNES, Jr., 
Stanley-G. I. Elec. Mfg. Co., 


Pittsfield. Mase. 
A. H. BABCOCK, 


Merchants’ Exchange Bldg., 
San Francisco, Cal. 
W. P. GRAHAM, 
Syracuse University, 
Syracuse, ЇЧ. Ү 


APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 


following candidates for election to the INSTITUTE as Associates; 


these applications will be considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before May 15, 


1906. 


2044 
2045 
2046 
2047 
5048 
50-49 
5050 
5051 
5052 
5053 
5054 
5055 
5056 
5057 
5058 
5059 
5060 
5061 
5062 
2063 
5064 
5065 
5066 
5067 
5068 
5069 
5070 
5071 
5072 
5073 


William G. Mack, 
Eugene T. Bailey, 
Benjamin H. Branch, 
George H. Sander, 
Ernst Steck, 

Richard W. Parry, 
Otis A. Kenyon, 
Morris F. Kahn, 
Arthur Bleyer, 

Herbert S. Sands, 
Thomas E. Daniels, Jr., 
William J. Squire, 
Orville G. Bennet, Jr., 
Bernard W. Capen, 
Miles V. Stewart, 
James Willis, 

Samuel H. Everett, Jr., 
Milton K. Akers, 
George W. Brooks, 
Charles B. Reed, 
Sidney M. Henry, 
Ralph W. D'Armstrong, 
Harołd D. Larrabee, 


Frederick W. Seringhaus, Jr., 


George H. Bangs, 
Robert C. Barton, 
John M. Hewitt, 
Emmet W. MeClintic, 
Charles E. Ard, 
Wilbur S. Stubbs, 


Sioux Falls, S. D. 
Mexico, Mex. 
Ellicott City, Md. 
Schenectady, N. Y. 
Philadelphia, Pa. 
Columbus, O. 

New York City. 
Brooklyn, N. Y. 
New York City. 
Denver, Colo. 
Logan City, Utah. 
Kansas City, Mo. 
New York City. 
Omaha, Neb. 
Schenectady, N. Y. 
West New Brighton, S. I. 
Brooklyn, N. Y. 
Urbana, Ill. 

Niagara Falls, N. Y. 
Pittsburg, Pa. 

Mare Island, Cal. 
New York City. 
Hoosick Falls, N. Y. 
New York City. 
New York City. 
Ithaca, N. Y. 
Ithaca, N. Y. 
Scranton, Pa. 
Agricultural College, Mis. 
Mexico City, Mex. 


~l 


5074 Cecil T. Wilkinson, Schenectady, N. Y. 


2075 Owen H. Gray, Salt Lake City, Utah. 

5076 David S. Hilborn, Philadelphia, Pa. 

5077 Philip H. Zipp, Greenfield, Ind. 

5078 Howard L. Davis, New York City. 

5079 George deB. Greene, Boston, Mass. 

5080 Joseph F. Kadic, Chicago, Ill. 

5081 Karl B. Kumpe, Seward, Alaska. 

5082 Frank A. Laws, Salem, Mass. 

5083 Einar H. Mever, Niagara Falls, N. Y. 

5084 Robert Н. Crosby. Bronx, N. Y. 

2085 Robert A. Philip, Boston, Mass. 

5086 George Н. Reid, Schenectadv, N. Y. 

5087 Benjamin C. Anderson, Madison, Wis. 

5088 Lawrence M. Cargo, Denver, Colo. 

5059 James L. Freelove, Malden, Mass. 

5090 Harry R. Halloran, . Ithaca, N. Y. 

9091 John P. Nikonow, Wilkinsburg, Pa. 

5092 Harold Pender, Perth Amboy, N. J. 

5093 Holton H. Scott, Madison, Wis. 

5094 Harry J. Wolf, Telluride, Colo. 

5095 Roy E. Argersinger, Johnstown, М. Y. 

5096 Thomas K. Glenn, Schenectady, N. Y. 

5097 Leigh S. Keith, * New York City. 

53098 Edward V. Wagenen, New York Citv. 

5099 Franklin M. Farwell, Schenectadv, N. Y. 

5100 James T. Robertson, Abbeville, S. C. 

3101 Otto Tinnemann, Berkelev, Cal. 

5102 Elmer L. Johnston, Milwaukee, Wis. 

5103 Vigo Hansen, New York City. 
Total 60. 


APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO 
MEMBER. 


Any objection to these transfers should be filed at once with the Secre- 

tary. 

Recommended for transfer by the Board of Examiners, April 6, 1906. 

CHARLES E. RoenL, Electrical Engineer, Brooklyn Rapid Tran- 
sit Company, Brooklyn, N. Y. 

A. С. Е. Wess, Consulting Electrical Engineer, Sydney, New 
South Wales. 

Јонҹ Harr Riper, Chief Electrical Engineer, London County 
Council Tramwavs, London, England. 

GEoRGE H. Morse, Professor of Electrical Engineering, Univer- 
sity of Nebraska, Lincoln, Nebraska. 
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MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New York, Friday evening, 
March 23, 1906. President Wheeler called the meeting to 
order at 8:30 o'clock. 

The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 37 Associates 
elected, as follows: 


ANDREWS, HERBERT WoopnBuny, Switchboard Drafts- T. I. Mange. 
man, General Electric Co.; res., 128 Nott Ter- H. E. White. 
race, Schenectady, N. Y. R. N. Williams. 

BAKER, GEORGE A., Assistant District Operating Su- W. Н. Hill. 
perintendent, New York Edison Co., 55 Duane A. H. Lawton. 
St, New York City; res., 859 Halsey St., W. I. Donshea. 
Brooklyn, N. Y. 

BECKER, JAMES FRANCIS, JR., Superintendent Meter Cabot Stevens. 
Department, Edison Electric Illuminating Co., W. F. Wells. 
360 Pearl St.; res., 542 Carlton Ave., Brook- C. A. Graves. 
lyn, N. Y. 

BickronRD, EpcaARn F., Assistant Electrician, Pittsburg Н. A. Pharo. 
Railways Co.; res., 231 Shady Ave., Pittsburg, S. M. Kintner. 
Pa. C. E. Skinner. 

BRADLEY, WILLIAM EARLE, Electrical Engineer, Charles Hewitt. 
Howson and Howson, 32 S. Broad St.; res., F. N. Waterman. 
3509 Hamilton St.. Philadelphia, Pa. A. C. Eastwood. 

CorriN, Francis PARKMAN, Student, General Elec-. A. E. Kennelly. 
tric Co.; res., 223 Union St., Schenectady, C. P. Steinmetz. 


М.Ү. E. J]. Berg. 
CRAIN, GEORGE HENRY, Engineer, Otis Elevator Co.; Е. W. Newell. 
res., 27 Fairview St., Yonkers, N. Y. C. B. Manville. 


David Lindquist. 


CusHinG, Harry Morse, Electrical Engineer, General Calvin W. Rice. 
Electric Co., 44 Broad St., New York Сиу; res, W. L. R. Emmet. 


103 Thomas St., Bloomfield, N. J. D. Haskins. 
Dewey. THomas AvGvsTUs, Student, Cornell Uni- Н. Н. Norris. 
versity; res., Sheldon Court, Ithaca, N. Y. F. Hirshfeld. 
. M. Buck. 
Dove, Jous Маску, Jr., Tester, General Electric Н. C. Hall. 
Co.; res., 23 Jay St., Schenectady, N. Y. J. Schaus. 
. Widegren. 


W. Lieb, Jr. 
. B. Crocker. 
О. Mailloux. 


ErrrorrT. ARTHUR H.. Engineer-Chemist, Consoli- 
dated Gas Co., 4 Irving Place, New York Citv; 
res., 40 Whitestone Ave., Flushing, N. Y. 


duc ONS oR ыба 


Haas, Henry Ctiagrrs, Tester, General Electric Co.; б. F. Sever. 
res, 113 Park Ave., Schenectady, №. Y. B. Crocker. 
Townsend. 
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Harvey, Epwarp A., Operating Superintendent, 3rd 
District, New York Edison Co., 173 W. 107th 
St.; res., 312 W. 116th St., New York City. 


Hicks, THomas NorMawn, Assistant Electrical Engi- 
neer, Brooklyn Edison Co.; res., 97 So. Oxford 
St., Brooklyn, М. Y. 

Howanp, LEMUEL FREDERIC, Assistant Electrical 
Engineer, Union Switch and Signal Co., Pitts- 
burg; res., 203 Elm St., Edgewood Park, Pa. 

Hertz, LEox ARD EvGENE, Electrician, City of Lin- 
coln, City Hall, Lincoln, Neb. 


Нсттом, Sor E., Electrical and Mechanical Engineer, 
645 lst National Bank Building; res., 681 
Washington Boulevard, Chicago, Ill. 


Ivan, T. S. Swaminatha, Line Inspector, Cauvery 
Power Scheme, Basavangudi, Bangalore, In- 
dia. 

JIMENEZ, Remici, Engineer, Havana Gas and Elec- 
tric Co, 1 Monte, Havana, Cuba. 


Krum, Lovis RALPH, Assistant Electrical Engineer, 
U. S. Signal Service at Large, Armv Building, 
New York Citv. 

LACOMBE, CHARLES FREDERICK, Chief Engineer of 
Light and Power, City of New York; res., Uni- 
versity Club, New York City. 

LEE, CLAvDivs, Instructor in Electrical Engineering, 
Virginia Polvtechnic Institute, Blacksburg, 
Va. 

“MacDonaLp, SAMUEL FREMONT, President, Ashta- 

bula Hide and Leather Co., Ashtabula, Ohio. 


MONTIGNANI, JOHN OLIVER, Assistant Engineer, 
Rochester Railway Co.; res., 26 Phelps Ave., 
Rochester, N. Y. 

MORECROFT, JOHN Hanorp, Student, Syracuse Uni- 
versity; res., 473 Allen St., Syracuse, N. Y. 


Morse. PERSE ABRAM, Manager Apparatus Depart- 
| ment, Western Electric Co., 810 Spruce St.; 

res., 3422 California Ave., St. Louis, Mo. 

NAGELSTOCK, Epwin Harry, Electrical Engineer, 
General Electric Co., 44 Broad St., New York 
City. 

Еовіхѕох, WarrkR Pitssury, Electrical Apprentice, 
Westinghouse Electric and Mfg. Co., Pitts- 
burg, Pa. 


Speirs, CHARLES WiLLIAM, Managing and Technical 
Director, Morgan Crucible Co., Ltd., Battersea 
Works, London, S. W., Eng. 


STREETER, STEVENS Dana, Engineer, Westinghouse, 
Church, Kerr & Co., 10 Bridge St., New York 
Сиу; res., 33 Beech St., Richmond Hill, №. Y. 


"ToRRENCE, WILLIAM WELLINGTON, Testing Depart- 
ment, General Electric Co.; res., 540 Liberty 
St., Schenectady, М. Y. 


W. Н. Hill. 
A. H. Lawton. 
W. I. Donshea. 


Cabot Stevens. 
R. B. Owens. 
W. F. Wells. 


C. F. Scott. 
C. E. Skinner. 
H. W. Fisher. 


H. L. Dohertv. 
H. L. Wolfenden. 
R. W. Pope. 

. A. Thaler. 

. Woodmansee. 


W. W. Harris. 


Mn Wetzler. 
samuel Huston. 
A. C. Hobble. 


C. L. Michod. 
. B. Cahoon. 
1. L. Mora. 


Townsend Wolcott 
B. F. Thomas. 
R. A. Klock. 


G. F. Sever. 

C. T. Hutchinson. 
P. N. Nunn. 
A 
V 


. H. Apperson. 
. A. Woolford. 
. A. Tower. 


G 

E. E. Bean. 

H. M. Case. 

S. D. Gilbert. 

D. C. Rockwood. 
J. F. McElrov. 
J. T. Hutchings. 
W. P. Graham. 
H. H. Crowell. 
P. T. Brady. 


Gerard Swope. 
H. H. Wait. 
Morgan Brooks. 
W. 5. Andrews. 
E. J. Berg. 
A. 5. Kappella. 


Robert Lundell. 
C. E. Downton. 
T. C. Martin. 


T. C. Martin. 
H. F. T. Erben. 
A. Е. Ganz. 


Wm. McClellan. 
Horace Dowie. 
E. D. Burchenal. 
R. N. Williams. 
C. B. Mahaffey. 
E. F. Collins. 


a 
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Van Wart, Тнғорове, J. W., Foreman Electrical J. W. Morris. 
Department, Reid Newfoundland Co., St. L. A. Howland. 
Johns, N. F. R. W. Pope, 


Vassar, HERVEY SACKETT, Draughtsman, Engineer- L. A. Streng. 
ing Department, Public Service Corporation of J. T. Whittlesey. 


N. J.; 207 Market St., Newark, N. J. Dudley Farrand. 
VoRCE, WALTER HERBERT, Electrical Engineer, Amer- C. C. Chesnev. 
ican Optical Co., Southbridge, Mass. H. H. Barnes. 
H. W. Tobev. 


WATKINS, FREDERICK ARTHUR, Western Electric Co., А. M. Bullard. 
463 West St.; res., 31 West 82d St., New York G. A. Hamilton. 


City. W. J. Warder, Jz- 


WILDER, CLIFTON WHITE, Assistant Engineer of Con- A. C. Thomas. 
struction, New York Citv Interborough Rail- L. S. Streng. 
way Co., Park Row Building, New York Citv. W. J. Rice. 


YARDLEY, JOHN Linn McKim, Office Assistant, On- W. N. Ryerson. 
tario Power Co., Niagara Falls, N. Y. W.L. Adams. 

; С. О. Mailloux. 

Total, 37. 

The Secretary announced further that the following Associates 

were transferred to the grade of Member: 

WirLiAM Henry ParcuELL, Engineer-in-chief, Charing Cross, West End 
and City Supply Corporation, Ltd., London, England. 


FRANK CARLTON SARGENT, Electrical Engineer, Malden Electric Co. 
Malden, Mass. 


The Secretary announced further the death of Е. E. Cooley. 
Associate A. I. E. E., formerly of Schenectady, and Henry 
Rustin, Associate A. I. E. E., of Nebraska. 

The Secretary announced further that at a meeting of the 
Board of Directors held during the afternoon, the following 
were named as the Directors’ nominees to be voted for at the 
coming election: 

For President: E. Wilbur Rice, Jr., and Samuel Sheldon. 

For Vice-presidents: A. Н. Armstrong, of Schenectady, N. Ү.: 
H. H. Humphrev, of St. Louis, Mo.; F. G. Baum, of San Fran- 
cisco, California. | 

For Managers: Paul Spencer, of Philadelphia, Pa.; Paul М. 
Lincoln, of Pittsburg, Pa.; A. M. Schoen, of Atlanta, Ga.: 
J. J. Carty, of New York. 

For Treasurer: George A. Hamilton, of New York. 

For Secretarv: Ralph W. Pope, of New York. 


T. C. Martin: І had the honor of addressing mv fellow 
members a month ago on behalf of the Land and Building 
Fund IxstitvuteE Committee, of which I am chairman, and I 
was then able to announce that we had pledged toward the 
fund about $100 000. The committee has been able to con- 
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tinue its work during the past month, and, thanks to the gen- 
erosity of various electrical corporations and of individual 
members, I am able to announce to-night that the total amount 
subscribed is $132 389, or more than two-thirds of the sum 
which we need to put us out of debt for the land upon which 
the United Engineering Building will stand. Of this amount 
over $87 000 has been collected and placed in the bank. 

During the month the committee has received a joint sub- 
scription from the American Telephone & Telegraph Company, 
the Western Electric Company, the New York Telephone 
Company, and the New York & New Jersey Telephone Company, 
of $25 000, which has already been paid in. 

In addition to this the committee has received from Mr. 
Clarence H. Mackay, President of the Postal Telegraph & 
Cable Company, the generous personal subscription of $5 000, 
which has also been collected and placed in the bank. 

The work is still actively going on, and to-day I have had 
the pleasure of receiving from the Edison Electric Illuminating 
Company of Brooklyn a subscription of $1000, accompanied 
by subscriptions from Mr. W. W. Freeman of $50. and Mr. W. F. 
Wells of $50. I am very glad indeed to mention these two in- 
dividual subscriptions, because if we could do equally well with 
every member of the INsTITUTE the total amount that we need 
could very easily be raised; and, while we appreciate deeply 
the generosity of the Edison Electric Illuminating Company 
of Brooklyn, I like to feel that it is due to the work of such 
men as Messrs. Freeman and Wells that we were able to secure 
this subscription of $1 000. 


J. B. Taylor, Associate A. I. E. E., presented a paper en- 
titled, “ Some Features Affecting the Parallel Operation of 
Synchronous Motor-Generator Sets.” 

(For paper see March, 1906, PRocEEDINGS, page 121; for 
discussion on this paper, see May, 1906, PROCEEDINGS.) 

A paper entitled, '" The Relation of Load-Factor to the 
Evaluation of Hydroelectric Plants," by S. B. Storer, was, in 
the absence of the author, read by title. 

(For paper see April, 1906, PRocEEDINGS, page 163; for 
discussion on this paper see May, 1906, PRocEEDiINGs.) 

David B. Rushmore, Member A. I. E. E., presented a paper 
entitled, ' Design of Hydroelectric Power Stations.” 

(For paper see April, 1906, PRocEEDINGs, page 169: for 
discussion on this paper see Мау, 1906, PROCEEDINGS.) 


4 


LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organized. 


BRANCHES. 


Oct. 13 '02 


Chairman. 


Kempster B. Miller. 


Edward P. Burch. 


S. P. Grace. 


St. Louis...........{H. Н. Humphrey. 


Jan. 14, '03 


Schenectady........ 
Jan. 20, '03 


Philadelphia........ 
Feb. 18 '03 
Feb. 13, '03 


Washington D. C... 
Арг. 9 '03 


Toronto......... aie 
Sept. 30 ‘03 


Jan. 19, '04 


Pittsfield........%.. 
Mar. 25, ‘04 


Baltimore.......... 
Dec. 16 '04 


San Francisco...... 
Dec. 23 '04 


Cincinnati ......... 
Dec. 17, '02 


C. P. Steinmetz 


E. B. Rosa. 


R. T.. MacKeen. 


‚Р. L. Sessions. 


.|C. E. Magnusson. 


A. M. Schoen. 


|С. C. Chesney. 


J. B. Whitehead. 


C. L. Cory. 


C. S. Reno. 


Secretary. 


H. R. King. 


Barry Dibble. 


Theodore Varney. 


A. S. Langsdorf. 


R. Neil Williams. 


H. F. Sanville. 


H. D. Jackson. 


Philander Betts. 


R. T. MacKeen. 


H R. Allensworth. 


W. S. Wheeler. 


W. R. Collier 


H. H. Barnes, Jr. 


C. G. Edwards. 


A. H. Babcock. 


L. Lowenberg. 


Branch Meets. 


lst Tuesday after 
N. Y. meeting. 


lst Friday after 


N. Y. meeting. 


2d Tuesday. 


2d Wednesday. 


2d Wednesday. 


2d Monday. 


lst Wednesday. 


Ist Thursday. 


2d & 4th Fridays. 


2d & 4th Mondays. 


2d Tuesday: 


3d Thursday 


2d Friday. 


———————————————MM——À 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. Chairman. 


UNIVERSITY 
BRANCHES. 


Cornell University...|E. L. Nichols. 
Oct. 15, '02 


Lehigh University.. .|W m. S. Franklin. 
Oct. 15, '02 


Univ. of Wisconsin. .|H. Н. Scott. 
Oct. 15, '02 


Univ. of Illinois..... W. Н. Williams. 
Nov. 25, '02 


Purdue University.. .|C. P. Matthews. 
Jan. 26, '08 


lowa State College. .|L. B. Spinney. 
Apr. 15, '03 


Worcester Poly- |A. T. Childs. 
technic Institute... 
Mar. 25, ‘04 


Syracuse University.|W. P. Graham. 
Feb. 24, ‘05 


STUDENT MEETINGS 


Ohio State Univ..... Н. С. Bartholomew. 


Dec. 20 ‘02 


Penn. State College. .|C. L. Christman. 
Dec. 20, ‘02 


Univ. of Missouri....|H. B. Shaw. 
Jan. 10, ‘03 


Armour Institute..../C. E. Freeman. 
Feb. 26, ‘04 


Washington Univ...|A. S. Langsdorf. 
Feb. 26, '04 


Univ. of Michigan.. .|G. W. Lamke. 
Mar. 25 '04 


Univ. of Arkansas.. .|W. N. Gladson. 
Mar. 25, '04. 


Univ. of Colorado... 
Dec. 16, '04 


Secretary. 


H. H.Norris. 


William Esty. 


George C. Shaad. 


Morgan Brooks. 


J. W. Esterline. 


F. A. Fish. 


G. H. Gilbert, 


W. P. Graham. 


F. E. Beutler. 


H. L. Frederick. 


D. W. Richards, 


C. E. Freeman. 


G. L. Evans. 


C. S. Kennedy. 


L. S. Olney. 


A. J. Forbess. 


Branch Meets. 


Ist Friday after 
New York meeting, 


3d Thursday. 


Every Thursday. 


Every Tuesday. 


Ist Wednesday 


Mar. 9, Apr. 20, 
May 11. 


Ist and 3d Thurs- 
days, 


Every Tuesday 
evening. 

Every Wednesday. 

Ist and 3d Friday. 

3d Monday. 

Ist Wednesday. 

Ist and 3d Wed- 


nesdays. 


Ist & 3d Tuesdays. 
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LOCAL ORGANIZATIONS— MEETINGS. 


Date of 
BRANCHES. Meeting. 
1 Chicago........ 
2 Minnesota...... Mar. 30 
3 Pittsburg........ Mar. 13 
4 St. Louis........ Apr. 11. 
5 Schenectady .. Apr. 4. 
6 Philadelphia... .. Apr. 9 
7 Boston ....... Apr. 11 
8 Washington, D.C 
9 Toronto........ Mar. 23 


10 Columbus.... .. 


Subject Discussed. 
I Indicates INSTITUTE papers. 
O Indicates Original papers. 
P Indicates Abstract from Technical Press. 


e 
No recent report. 
INSTITUTE papers on Hydroelectric Plants. I. 
Executive Committee decided to devote Branch 
meeting in April to High-tension Transmis- 


sion, under the direction of S. M. Kintner. 


Power Apparatus for Harmonic Systems, by 
A. D. T. Libby. O. 


Telephone Cables, by R. A. L. Snyder. O. 


Advantages of Harmonic Telephone Systems, 
by L. Millheizer. О, 


T elephone Traffic, by H. C. Rorty. O. 

The Telephone Line, by S. P. Grace. О. 

Discussion of the Rotary-Converter Sub-station, 
17th and Locust Sts., of the United Railways 
Company. 


Bi-Metallic Wire. by J. Н. Finney. О. 


Collation, by courtesy of the Pittsburg Reduc- 
tion Co. 


Design of Hydroelectric Power Stations, by D. 
B. Rushmore. I. 


Some Features Affecting the Parallel Operation 
of Synchronous Motor-Generator Sets, by J. 
B. Tavlor. I. 


Discussion of new proposed constitution. 


А New Electromechanical Method of Turbine 
Speed Control, by Lamar Lyndon. О. 


Ozonization of Water, by H. Blanken. О. 
Informal talk on Submarine Signals. 
Collation. 


No recent report. 


Suburban Railways, by C. H. Wright. О. 


No recent report. 


Attend- 
ance. 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued 


Subject Discussed. 
1 Indicates INSTITUTE papers. 


Date of O Indicates Original papers. Attend- 
BRANCHES. Meeting. P Indicates Abstract from Technical Press. ance. 
11 Seattle.......... Apr. 10. | Armature Winding with Form Coils, by W.S. 
Hoskins. О. 10 
INSTITUTE papers on Hydroelectric Power Sta- 
tions. I. 
12 Atlanta.......... No recent report. 
13 Baltimore. — No recent report. 
14 Pittsfield........ Mar. 22. | Modern Water-wheel Governors and their Appli- 
cation to Hydroelectric Practice in this and 
Foreign Countries, a lecture, by John Sturgess 36 
15 San Francisco.... No recent report. 
16 Cincinnati....... No recent report. 
UNIVERSITY 
BRANCHES. 
17 Cornell Опіу.....| Apr. 13. | Informal discussion of proposed new constitu- 
tion. : 33 
INSTITUTE papers on Hydroelectric Power Sta- 
tions. I. , 
18 Lehigh Univ..... No recent report. 
19 Univ. of Wis..... | No recent report. 
20 Univ. of Illinois. . No recent report. 
21 lowa State Col...| Mar. 20. | Electric Railway Engineering. Р. 21 
Commutation. by A. A. Wessling, of the Bullock 
Elec. Mfg. Co. О. 
Apr. 4. Some Practical Aspects in Wireless Telegraphy. 
by L. B. Spinney. O. 41 
An Outline of the Strowager Automatic Tele- 
phone System, by A. F.' Bennett. of the 
Automatic Electric Co. of Chicago. О. 
22 Purdue Univ.....| April 3. The Experimental Development of the Light- 


ning-Arrester, by W. J. Heck. O. 21 


23 Worcester Poly- 
technic Inst...... No recent report. 
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LOCAL ORGANIZATIONS—MEETINGS.—C ontinued. 


Subject Discussed. 
I Indicates INSTITUTE papers. 


UNIVERSITY Date of О Indicates Original papers. ` Attent- 
BRANCHES. Meeting. P Indicates Abstract from Technical Press. arce. 
24 Syracuse Univ....| Mar. 15. | A Self-exciting Alternator. 1. 14 


Telephone Engineering. І. 


Mar. 29. | Electricity on Shipboard, by G. H. Shepard 
(U. S. N. retired).: О. 25 


Types of Flaming Are Lamps, by A. M. Wy- 
gant. О. 


Short Description of the Telephonograph, by 
Dean William Kent. О. 


STUDENT 
MEETINGS. | 
25 Ohio State Univ. . No recent report. | 
26 Penn. State Col... No recent ныс а 
27 Univ. of Missouri.) Mar. 16. | Telephone Cusaedinp d —— | eI 
Apr. 6. Some Features Affecting the Parallel Data 
of Synchronous Motor-Generator Sets. I. | 21 
28 Armour Institute . No recent report. Е | 
29 Washington Univ No recent report. OO | 
30 Univ. of Mich.... No recent report. ы | 
31 Univ. of Ark..... No recent report. СЕН | 
| 


32 Univ. of Colorado. No recent report. 


| | 
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В. T. MacKEEN, 
14 King Street, 
Toronto, Ont. 


H. R. ALLENSWORTH, 
Engineers' Club, 
Columbus, O. 


GEORGE C. SHAAD, 
University of Wisconsin, 
Madison, Wis. 
H. F. SANVILLE, 
710 Girard Trust Bldg., 
Philadelphia, Pa. 


A. J. FORBESS, 
University of Colorado, 
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Ohio State University, 
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J. W. ESTERLINE, 
Purdue University, 
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MORGAN BROOKS, 
University of Illinois, 
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CHARLES G. EDWARDS, 
Electrical Commission, 
City Hall, Baltimore, Md. 


R. NEIL WILLIAMS, 
Union University, 
Schenectady, N. Y. 


PHILANDER BETTS, 
* The Northampton,” 
Washington, D. C. 


W. R. COLLIER, 
230 Lawton Street, 
Atlanta, Ga. 


W. S. WHEELER, 


711 Twenty-Third Avenue, 
Seattle, Wash. 


C. E. FREEMAN, 
Armour Inst. of Technology, 
Chicago, Ill. 


C. H. GILBERT, 
Worcester Poly. Inst., 
Worcester, Maas. 


G. L. EVANS, 
Washington University, 
St. Louis, Mo. 
L. S. OLNEY, 


University of Arkansas, 
Fayetteville, Ark. 


C. S. KENNEDY, 
University of Michigan, 
Ann Arbor, Mich. 


Н. Н. BARNES Jr., 
Stanley-G. I. Elec. Mfg. Co., 


Pittsfield. Mass. 
A. H. BABCOCK, 


1216 Webster Street, 
Oakland, Cal. 
W. P. GRAHAM, 
Syracuse University, 
Syracuse, N. Y 


APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 
following candidates for election to the INsTITUTE as Associates ; 
these applications will be considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before June 22, 


1906. 


5104 Edward E. Ferrin, Houston, Texas. 
5105 Edwin S. Lincoln, Brookline, Mass. 
5106 Harry A. Tibbs, Fort Lawn, 5. С. 


5107 


5108 H. B. Kirkland, New York City. 
5109 Henry J. Podlesak, Milwaukee, Wis. 
5110 Walter F. Wright, Schenectady, N. Y. 
5111 Arthur C. Castle, Pittsburg, Pa. 


5112 
9113 
9114 


5115 John В. Price, Richmond, Va. 
5116 Malcolm P. Stoney, Philadelphia, Pa. 
5117 John R. Crouse, Cleveland, O. 

50118 Henry D. Haggerty, New York City. 
5119 Walter Р. Holcombe, St. Louis, Mo. 
5120 Edwin R. Pearsons, Schenectady, N. Y. 
5121 William J. Wooldridge, Schenectady, N. Y. 
5122 Gilbert C. Whitney, Buffalo, N. Y. 
5123 Edouard M. Desbleds, Curepipe, Mauritus. 


5124 
5125 
5126 


Joseph Murgas, 


Sylvester H. Grauten, 
Clyde H. Loughridge, 
Frederick L. Ray, 


Alexander C. von Zelewskv, 


Joshua F. Begole, 
Ira A. Blalock, 


Wilkesbarre, Pa. 


Chicago, Ill. 
Pittsburg, Pa. 
New Britain, Conn. 


Budapest, Hungary. 


St. Louis, Mo. 
St. Augustine, Fla. 


5127 Humphrev O. Brown, 
5128 J. M. S. Waring. 
9129 George G. Watson, 


Bangor, Me. 
Chicago, Ill. 
Los Angeles, Cal. 


5130 David Е. Huddle, Jr., 
5131 Jesse M. Boorse, 

9132 Bernard Lester, 

5133 William C. Abshagen, 
5134 Henrv E. Stauffer, 
5135 George H. Usher, 
5136 Alex M. Gray, 

5137 John Н. Ford. 

5138 Robert C. Newcombe, 
5139 John B. Blake, 

5140 Willis A. Ishler. 

5141 Horace G. W. Priestly, 
2142 Richard C. Simpson, 
5143 Ernest B. P. Wicks, 
5144 Harold B. P. Wicks, 
5145 Benjamin Wall, 

5146 Richard L. Buffington, 
5147 Gabriel Tudela. 

5148 Charles C. R. Wrav, 
5149 Wilmer M. Shallcross, 
5150 Edward E. Kretschmer, 
5151 Clarence E. Chatfield, 
5152 James R. Thomas, 
5153 Samuel R. Dodds, 
5154 Augustus W. Jackson, 
5155 Henrv C. Newton, 
5156 William C. Lancaster, ' 
5157 Adolph К. Swoboda, 
5158 William М. Joy, 

5159 George W. Roddewig, 
Total 56. 


ы 


Memphis, Tenn. 
Omaha, Neb. 
Pittsburg, Pa. 

New York City. 
Washington, D. C. 
New York City. 
Cincinnati, O. 
Aspinwall, Pa. 
Ithaca, N. Y. 
Chicago, Ш. 

W. Lynn, Mass. 
Patea, N. Z. 

Sydney, N. S. W. 
Christchurch, N. Z. 
Christchurch, N. Z. 
Brooklyn, N. Y. 
Connelsville, Pa. 
Ithaca, N. Y. i 
Tokvo, Japan. | 
Chicago, Ill. 

Chicago, Ill. 

Ithaca, N. Y. 
Crawfordsville, Ind. 
Ithaca, N. Y. 

Los Angeles, Cal. 
Melbourne, Australia. 
New York Citv. 
Lincoln, Neb. 
Trinidad, В. W. I. 
Ithaca, N. Y. 


APPLICATIONS FOR TRANSFER FROM ASSOCIATE TO 


MEMBER. 


Any objection to this transfer should be filed at once with the Secre- 


tary. 


Recommended for transfer by the Board of Examiners, Мау 4,X1906. 


GEORGE AuGustTus WELLS, JR., Chief Engineer, Adams Express 
Co., 61 Broadwav, New York. N. Y. 


MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Assembly Room, New York Edison Co., 


44 West Twenty-seventh Street, 
April 27, 1906. 
at 8:30 o'clock. 


New York, Fridav evening. 
President Wheeler called the meeting to order 


The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 84 Associates 


elected, as follows: 


‘ApaMs, Harry H., Superintendent of Shops, United 


J. F. Dusman. 


Railways & Electric Co., Carroll Park Shops, C. F. Uebelacker. 


Baltimore, Md. 


AIGELTINGER, ARTHUR, Student, Columbia University; 
i res., 14 Leroy St., New York City. 


ALLEN, JAMES WarrER, First Electrical Assistant, 
Boston Elevated Railway Co., 552 Harrison 
Ave., Boston; res., 14 Alcott St., Allston, Mass. 


ANDREW, JAMES Duu, Chief Engineer, New York 
Edison Co., New York City; res., 680 E. 22d 
St. Brooklyn, Nic XS 


Arms, RicHARD M., Assistant to Superintendent, 
Seattle Electric Co., 907 151 Ave., Seattle, 


Wash. 
BAKER, GEORGE Oris, Mechanical and Electrical En- 


gineer, New England Engineering Co.; res., 
135 W. 116th St., New York City. 


BEMENT, ALBURTO, Consulting Mining and Mechan- 
ical Enyineer, American Trust Building, Chi- 
cago, Ш. 

BisHoP, WILLIAM SMART, Student, Cornell University; 
res., 121 Cascadilla Ave., Ithaca, N. Y. 


CAMPBELL, Сбовроч McKay, Electrical Engineer, 
Pittsburg and Lake Erie R.R. Co., Pittsburg, 
Pa. 

Carson, CLARENCE, Draughtsman, Westinghouse 
Electric and Mfg. Co., Pittsburg: res., Suite 
303, The Colonial, Wilkinsburg, Pa. 

Cave, Ernest L., Resident Engineer, Kolar Gold 
Fields, Electricity Department, Oorgaum, 
Mysore State, S. India. 

CHAPMAN, FREDERICK STORRS, Assistant Engineer, 
Cooper Hewitt Electric Co., 220 W. 20th St., 
New York City. 


Douglas Burnett. 


G. F. Sever. 

Morton Arendt. 

C. A. Schneider. 
. W. Corning. 
ohn Hamilton. 
. D. Jackson. 
. W. Lieb, Jr. 
. G. Stott. 

C. O. Mailloux. 


W. S. Wheeler. 

E. G. Allen. 

S. C. Lindsay. 
Theodore Beran. 
F. C. Bates. 

C. M. Heminwav: 
W. L. Abbott. 

B. J. Arnold. 

W. G. Carlton. 


H. H. Norris. 
V. Karapetoff. 
C. F. Harding. 


R. W. Stovel. 

H. D. James. 

Т. S. Perkins. 
Dean Harvev. 

C. E. Skinner. 
Theodore Varney. 
H. P. Gibbs. 

A. C. Hobble. 

F. W. Willis. 

P. H. Thomas. 
H. W. Alden. 

C. H. Vom Baur. 
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CHISHOLM, Everett C., Electrical Engineer, Colonial 
` Sugars Co., Constancia, Cienfuegos, Cuba. 


CLARK, TRUE S., Partner, Bates and Clark Co., 508 
Pacific Block, Seattle, Wash. 


(CLEMENT, STEPHEN ROBERT ADDISON, Draughtsman, 
Temiskaming and Northern Ontario Railway 
Commission, 25 Toronto St., Toronto, Ont. 


CLIFT, Ковевт LEE, Traveling Salesman, Electric 
Supply Co., Memphis, Tenn. 


CorkET, JAMES HaMILToN, Engineer, N. Y. & N. J. 
Telephone Co.; res., 288 De Kalb Ave., Brook- 
lyn, N. Y. 

Cor-iss, Cyrus, Engineer, Boston Elevated Railway 
Co., Boston; res., Randolph, Mass. 


Davison, GEorRGE Rupert, Assistant in Electrical 
Engineering Department, Edison Electric ll- 
luminating Co., Boston; res., 83 Dix St., Dor- 
chester, Mass. 

DEVEREUX, WASHINGTON, Inspector, 
Fire Underwriters’ Association; res., 
29th St., Philadelphia, Pa. 

DoNOHOE, FRANCIS EUGENE, Sales Agent, Es 
Electrical Works, 26 Cortlandt St.; . Hotel 
Marseille, New York City. 


EsTES, JAMES WALTER, Meter Man, Georgia Railway 
and Electric Co.; res., 391 S. Boulevard, At- 
lanta, Ga. 

Evers, Epwanp Pavr. 
tric Mfg. Co., St. Louis, 


Philadelphia 
1625 N. 


Motor Tester, Wagner Elec- 
Mo. 


Foote, STANLEY CLIFFORD, Chief Electrician, Power 
and Mining Machinery Co., Cudahy, Wis. 


Tuomas Z., Inspector, Underwriters’ 
of Middle and Southern States, 71 
New York City. 


FRANKLIN, 
Bureau 
William St., 


FREEMAN, WELDON Winans, Vice-President and 
Treasurer, Edison Electric Illuminating Co., 
360 Pearl St., Brooklyn, М. Y 


Student, Cornell University; 
Ithaca, N. Y. 


GAENSSLEN, А. CARL, 
ros., 335 E. State St., 


GiBsON, WILLIAM SPURGEON, Assistant Superin- 
tendent, Dale Co., 13th St. and 9th Ave.; res., 
2024 Madison Ave., New York City. 

HaBEkRLY, James Hacer. Salesman, Fort Wavne 
Electric Works, 110 State St., Boston, Mass. 


Instructor in Physics and 
Iowa State College, 


HoPFMAN, ARTHUR HENRY, 
Electrical Engineering, 
Ames, lowa. 

]lIoPkiNs, RicHARD M., 
American District Telegraph Co.; 
Monroe St., Baltimore, Md. 


Foreman of Burglar Alarms, 
res., 908 N. 


G. E. Sanford. 
E. E. Boyer. 
R. W. Pope. 


W. S. Wheeler. 
R. W. Pope. 

J. Harisberger. 
Edward Richards 
W. G. Chace. 

T. R. Rosebrugh. 


F. G. Proutt. 
Albert Uhl. 
G. A. Treadway. 
Bancroft Gherardi 

C. Reilly. 

. M. Ferris. 

. W. Corning. 

. D. Jackson. 
C. G. Brightman. 


H. H. Barnes, Jr. 
C. C. Chesnev. 
S. H. Blake. 


Carl Hering. 
W. C. L. Eglin. 
Charles Hewitt. 
J. J. Carty. 
F. A. Pickernell. 
L. A. Ferguson. 
A. H. Ford. 
R. W. Pope. 
A. Balslev. 
G. P. Cole. 
A. H. Timmerman 
A. S. Lanygsdorf. 
), J. Crain. 

. T. Lozier. 
O. M. Rau. 
W. 5. Franklin. 
William Est v. 
]. €. Kelsev. 
W. F. Wells. 
J. W. Lieb, Jr. 


T. C. Martin. 
H. H. Norris. 
V. Karapetoff. 
H. H. Cochrane. 
H. W. Price. 
T. R. Rosebrugh. 
C. H. Wright. 
Т. A. Smith. 

F. 8. Hunting. 
E. A. Barnes. 
L. В. Spinney. 
G. W. Bissell. 
F. A. Fish. 

E. V. Murphy. 
L. M. Potts. 

S. B. Austin. 
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Hoyt, PETER V., Sales Engineer, National Battery 
Co., 1765 Broadway; res., 509 West 170th St., 
New York City. 

Jewett, ALBERT CAVALLO, Electrical Adviser to 
Government, Bamniar-Jhelum Valley Road, 
Kashmir, India. 

Јонмѕом, ARTHUR Epwarpb, Designer, Ordnance 
Office, War Department, 1514 Q St., N. W., 
Washington, D. С. 

KENNEDY, JEROME DoUBLEDAY, Telephone Engineer, 
Western Electric Co., 463 West St., New York 
City; res., 141 N. 16th St., East Orange, N. J. 

KINGSBURY, JOHN McLean, Draftsman, Allis-Chal- 
mers Co., 7 Belvedere, Milwaukee, Wis. 


Kirk, GEOoRGE ELLs, Patent Lawyer, 844 The Spitzer; 
res., 2118 Erie St., Toledo, О. 


LEHR, Epwin E., Engineer, Westinghouse Electric 
& Mfg. Co., Pittsburg; res., 468 Biddle Ave., 
Wilkinsburg, Pa. 

LinBEY, JOSEPH HaRorp, Assistant Electrical Engi- 
neer, N. Y, N. Н. & Н. R. R.R. Co, New 
Haven, Conn. 

LINDALL, JOHN, Superintendent Motive Power and 
Machinery, Boston Elevated Railway Co., 439 
Albany St., Boston, Mass. 

Liston, Joun, Sales Department, Stanley G. I. Elec- 
tric Mfg. Co., Pittsfield, Mass. 


LYLE, THOMAS RANKIN, Professor of Natural Philos- 
ophy, University of Melbourne, Toorak, Mel- 
bourne, Victoria. 

Mack, WituiaM G, Secretary and Treasurer, Cascade 
Milling Co., Sioux Falls, S.D. 


MALTHA, GERARD SYBREN, Draughtsman, Westing- 
house Electric and Mfg. Co., Pittsburg; res., 
516 Kelly Ave., Wilkinsburg, Pa. 

McKENziE, Roperick R., Station Engineer, San Juan 
Light and Transit Co., San Juan, Р. К. 


McNEiLL, JacoB Rurvs, Electrical Engineer, Proctor 
and Gamble Co., Ivorydale; res., 831 Williams 
Ave., Hartwell, O. 


MEADE, RarpPH CurLER, Foreman of Sub-station, 
Interborough Rapid Transit Co., New York 
City; res., 163 Clinton Ave., Brooklyn, N. Y. 


MILLER, DECATUR STERIGERE, Electrical Engineer, 
Consolidated Railway Co.; res., 314 Crown St., 
New Haven, Conn. 


MunPHY, Epwarp Mason, Tester, General Electric 
Co.; res., 159 Barrett St., Schenectady, N. Y. 


MUHLHEIZLER, Lours, Superintendent of Maintenance, 
Pittsburg and Allegheny Telephone Co.; res., 
1411 Stewart St., \legheny, Pa. 


J. №. Gillette. 
J. M. DeMalhe. 
R. W. Pope. 

J. A. Lighthipe. 
C. P. Steinmetz. 
Е. O. Blackwell. 
R.M. Lee. 
Oberlin Smith. 
E. В. Carichoff. 
C. A. Berry. 

F. L. Gilman. 

С. С. Gilchrest. 
W. J. Day. 

К. W. Pope. 

W. А. McTaggart 
Philander Betts. 


F. A. Wolff. 
A. E. Dieterich. 


H. D. James. 
R. S. Feicht. 
Р. М. Lincoln. 


W. S. Murrav. 
Calvert Townley. 
L. L. Gaillard. 
J. W. Corning. 
E. H. Arderson. 
R. W. Pope. 

H. H. Barnes. 
Gilbert Wright. 
C. C. Chesney. 
William Stone. 
H. R. Harper. 

W. N. Kernot. 
W. J. Jones. 

S. G. Peticolas. 
J. A. Bortenlanger 
Р 


. M. Lincoln. 
B. P. Rowe. 
Theodore Varnev. 


C. F. Beames. 
A. E. Childs. 
D. R. Bullen. 


C. R. Gilliland. 
Charles Robbins. 
L. T. Kaiser. 


B. E. Morrow. 
W. N. Ryerson. 
C. W. Ricker. 


J. W. Corning. 
H. D. Jackson. 
C. G. Brightman. 


S. R. Sheldon. 
A. E. Ransom. 
H. B. Alverson. 


S. P. Grace. 
W. W. Dean. 
S. H. Browne. 
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NAUTRE, Louis CHARLES FEUILLIARD, Test Expert, Е. W. Prince. 
Hartford Electric Light Co.; res., 56 Winthrop К. N. Dickinson. 
St., Hartford, Conn. E. F. Lawton. 

Nott, ELIPHALET, Foreman Sub-station, Interbhorough P. T. Hanscom. 
Rapid Transit Co., New York; res., 163 Clinton Н. С. Stott. 
Ave., Brooklyn, N. Y. H. J. Putt. 

OsBoRN, JOSEPH AUGUSTUS, Electrical Engineer, Е. B. Adam. 
Frank Adam Electric Со., 914 Pine St.; тєѕ., Н. A. Wagner. 
4067 Cleveland Ave., St. Louis, Mo. H. H. Humphrey. 

ny 


Oviatt, WESLEY THORNTON, Electrical Superinten- B. Herrick. 
dent, Connecticut Railway and Lighting Co., Paul Spencer. 


Bridgeport, Conn. P. D. Wagoner. 
PATTEN, GEoRGE Homes, Construction and Expo- Е. T Gale. 

sition Engineer, Chattanooga Electric Co., W. Ely, Jr. 

Chattanooga, Tenn. T. » Gaylord. 


PAYNE. ROBERT PRESTON, Salesman, Northern Elec- L. Friedmann. 
trical Co., 18 Third Ave., West, Duluth, Minn. A. A. Morton. 
: j. J. Kline. 
PEILER, Kart Ernst, Electrical Engineer, Фе Н. E. Clifford. 
Lamar Copper Refining Co., Chrome; res., F. A. Laws. 
120 Chilton St., Elizabeth, N. J. W. L. Puffer. 
PHILLIPS, CHARLES TRAVERS, Wiring and Construc- R. M. Arms. 


tion Department, Seattle Electric Co.; res., J. D. Ross. 
1110 Terry Ave., Seattle, Wash. W. M. Price. 


PiER, STEPAAN, Assistant Engineer, Iroquois Con- Е. B. Н. Paine. 
struction Co., Lockport; res., University Club. W. N. Ryerson. 


Buffalo, N. Y. F. W. von L. ter 
Meulen 
Pratt, Evroy J., Electrical Engineer, Southwest Mo. T. Е. Clohesey. 
Electric Railway Co., Webb Citv, Mo. B. А Arnold. 
. Peck. 


PRINDLE, Epwin J., Patent Lawyer, Prindle andW. S Franklin. 
Williamson, 220 Broadwav, New York City. edd Y Abbott. 


Pope. 
REHFELD, GROVER GEORGE, Electrician, Power and J. 1. Beggs. 
Mining Machine Co., Cudahy; res., 266 16th O. M. Rau. 


St., Milwaukee, Wis. С. К. Radley. 
RHODES, SAMUEL GLENN, Superintendent, Arc Lamp J. №. Lieb, Jr. 
Department, New York Edison Co., 117 W. T. E. Murray. 


39th St.; res., 1030 E. 165th St., New York Citv. T. C. Martin. 


RurH, Epwarp DILLER, Superintendent, Lancaster C. C. Chesney. 
(Entrance Fee Paid.] Electric Light, Heat and Power J? E. Cutler. 
Co., Lancaster, Pa. . H. H. Barnes, Jr. 


RvpER, BENJAMIN Hupson, Sales Agent, American H. A. Calderwood. 
Steel and Wire Co., 826 Frick Building, Pitts- G. H. Winslow. 
burg, Pa. G. W. Knox. 


SCHNEIDER, GEORGE ARTHUR, Salesman, California C. Н. McNary. 
Electrical Works, 642 Folsom St., San Fran- J. G. Glassco. 
cisco, Cal. C. A. Copeland. 


SHREEVE, HERBERT Epwarp, Telephone Engineer, T. D. Lockwood. 
American Telephone and Telegraph Co.. 125 R. E. Chetwood. 
Milk St., Boston; res., 19 Forest St., Newton G. W. Pickard. 
Highlands, Mass. 


SNELL, JOHN Francis CLEVERTON, Borough Elec- W. H. Preece. 
trical and Tramway Engineer, Corporation of C. H. Wordingham 
Sunderland, Town Hall, Sunderland, Eng. W. M. Mordev. 
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SPRUANCE, WILLIAM Соввіт, JR., Consulting Engi- С. R. Van Trump. 
neer, Equitable Building, Wilmington, Del. H. re Buddy. 
. Bragg. 
STEPHENSEN, ODDGEIR, Electrical Engineer, Wagner G. Percy Cole. 
Electric Mfg. Co., 2017 Locust St., St. Louis, W. A. Layman. 
Mo. A. H. Timmerman 
STIRLING-THORPE, JOHN Epwarpb, Superintendent C. Е. Beames. 
Electrical Equipment, S. A. Luz Electrica, San P. O. Keilholtz. 


juan, P. R. T. A. Cross. 
STUNTZ, ALBERT WELLS, Electrical Engineer, Westing- Walter Mott. 
house Electric & Mfg. Co., Pittsburg, Pa. . W. S. Franklin. 
S. R. Kerr. 


TAPPING, CHESTER HARTRANFT, Assistant Superin- L. L. Elden. 
tendent Edison Electric Illuminating Co., 3 Sidney Hosmer. 
Head Place; res.,, 177 Massachusetts Ave., J. W. Cowles. 
Boston, Mass. 


Тномрѕом, болок, Superintendent, Litchfield Elec- С. Е. Archer. 
tric Light and Power Co., Litchfield, Conn. R. W. Pope. 
. W. D. Steele. 
VaiL, LEwis HERBERT, Assistant to Electrical Engi- H. M. Warren. 
neer, D. L. and W. Railway Co.; res., 1628 G. F. Sever. 
Vine St., Scranton, Pa. William Nesbit. 
VAILL, CHARLES PARTRIDGE, Assistant Superinten- Н. M. Latham. 
dent, Electrical Cable Works American Steel A. D. Hoeftmann. 


and Wire Co., Worcester, Mass. C. R. Sturdevant. 
VALLADARES, ANTENOR, Student, Cornell University; H. H. Norris. 
res., 526 Stewart Ave., Ithaca, N. Y. C. F. Harding. 


V. Karapetoftt. 
WARREN, JOHN Francis, Electrician, Noyes Bros., W.G. T. Goodman 
Dunedin, N. Z. F. К. Shepherd. 
R. C. Jones. 


WuiTrE, WILLIAM DEXTER, Water Wheel Governor G. W. Elliott. 
Department, Holyoke Machine Co., Worcester, C. K. Stearns. 


Mass. | J. M. Wakeman. 
WiLsoN, ELIEL FLETCHER, Operator, St. Croix Power G. D. Shepardson. 
Co., Somerset, Wis. F. W. Springer. 


John Pearson. 

WRIGHT, ARTHUR, Consulting Electrical Engineer, C. L. Edgar. 
Central Station Lighting in Brighton and Lon- Samuel Insull. 
don, 3 Addison Road, Kensington, London, J. W. Lieb, Jr. 
Eng. 

WRIGHT, JOHN WirLiAM, Electrical Engineer, Bell Max Freimark. 
Telephone Co.; res., 5223 Pine St., Philadel- E. F. Northrup. 
phia, Pa. A. B. Stitzer. 

Wv, Kner Line, Electrical Engineer, Imperial Chinese Н. Н. Norris. 
Government, 20 Bonham Road, Rheda, Hong H. J. Rvan. 
Kong, China. Frederick Bedell. 

Wynne, Henry Joun, Signal and Electrical Engi- W.G. T. Goodman 
neer, Government Railwavs, Wellington, N. Z. R. C. Jones. 

F. К. Shepherd. 

Total, 84. 


The Secretary announced further that the following Asso- 
ciates were transferred to the grade of Member: 
WALTER MERRITT Ricos. Director Department Electrical and Mechanical 


Engineering, and Professor of Eleetrical Engineering, Clemson Col- 
lege, South Carolina. 
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Harve Reen Stuart, Electrical Engineer and Designer with Westing- 
house Electric and Manufacturing Co., Pittsburg, Pa. 


CHARLES AUSTIN GREENIDGE, General Manager Electric Department, 
Utica Gas and Electric Co., Utica, N. Y. 


Maurice AuGustus VIELE, Electrical Engineer, General Electric Co., 
44 Broad St., New York City. 


CHARLES WATERMAN STONE, Assistant Engineer Lighting Department, 
General Electric Co., Schenectady, N. Y 


EvGENE GrirFin, First Vice President General Electric Co., New York 
City. 

CuanLES Foster Bancrort, Electrical Engineer, General Electric Co., 
84 State St., Boston, Mass. 


John Langan, Associate A. I. E. E., presented a paper en- 
titled, “ Standardizing Rubber-Covered Wires and Cables." 

(For paper see April, 1906, PROCEEDINGS, page 189; for dis- 
cussion on this paper see June, 1906, PROCEEDINGS.) 

Wallace 5. Clark, Associate A. I. E. E., presented a paper 
entitled, “ Comments on Present Underground Cable Practice." 

(For paper see April, 1906, PRocEEDiNGs, page 203; for dis- 
cussion on this paper see June, 1906, PROCEEDINGS.) 
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RESULT OF ANNUAL ELECTION FOR OFFICERS OF THE 
INSTITUTE. 


At the Annual Meeting of the INstiTuTE, held in the Library 
of the New York Edison Company, 44 West Twenty-seventh: 
Street, New York, May 15th, 1906, the Committee of Tellers 
made the following report : | 


NEW Үокк, May 12, 1906. 
To THE PRESIDENT OF THE AMERICAN INSTITUTE OF ELECTRICAL ENGIN- 
EERS: | 


Your Committee of Tellers has carefully counted the ballots cast for 
officers for the year 1906—1907. The result of this count is as follows: 
Total number of envelopes said to contain ballots received from 

бесте атуы iy. Wo mesh chau Piece pn eae AN ae aed QUE d dus 2 439 


Rejected on account of bearing no identifving name on outer 
envelope, according to Article 6, Section 4 of the Consti- 
[GUION dou Он Bata atio i ен 36 


Rejected on account of voter being in arrears for dues on May 
1, 1906, as provided in the Constitution and Section 76a 
ot the By-laws ss si saat sot wees ку VeRO b Ee e d 151 


Rejected on account of ballot not being enclosed in inner en- 

velope, or on account of the inner envelope bearing an 

identifying name, according to Article 6, Section 4 of the 

Constit itio es ova Duae d'a TEUER E e Na RR a puo Ep 39 
Rejected on account of having reached the Secretary's office 

after May 9, according to Article 6, Section 4 of the Con- 

SU EUDIOTIS S e ioco Sua adie dodo e t bod ea Ws ОСТ 30 

—— 256 


Leaving as valid һайо{з............................. 2 183 


These valid ballots were counted, and the number of votes received 
by each candidate is shown below: 
For President: 


Samuel Sheldon............1257 Thomas A. Edison............ 1 
E. Wilbur Rice, Jr.......... 907 NGO CHOMG c i ese кз 18 
For Vice-Presidents: 
A. Н. Armstrong...........2 051 R. B OWENS os eel ees 15 
H. H. Humphrey...........2 020 Js WN o used Redes 15 
E.G. Пайи, из» кк oraaa 042 W. S. Franklin.............. 12 
G. F. бехетг................ 63 F. A. C. Perrine............. 12 
Samuel Sheldon............ 55 Ee WeRice, PEL Se Sore АУЫ. Ad 
P. N. Мипп................ 43 Paul M. Lincoln............. 6 
BiG: Lamme.o калы сы uS 37 Cue TOBEV SA acto v iesus 1 
C We RAC Ce aera ey ten ТУЕ 18 С. А. Оатоп................ 1 
R. D. Mershon............. 17 Р. H. Тһопав............... 1 


Н. G. Stott................ 16 No сһолсе................... 213 


- 


For Managers: 


Paul M. Lincoln............2 089 К. B. Міег................. 9 
Paul Ѕрепсет.............. 2 077 Е. М. Waterman............. 8 
Tp Canty a ье же O00 С. A. Adanis, „алъ REUS 7 
А. M. 5сһоеп.............. 1 903 Samuel Reber............... 4 
G. A. Damon..............- 99> P. O. Ketlholtz....... IX ЖОГ ЕЕ 6 
Philip Torchio............. 58 Ba Wee Rolit Cri eie RES 5 
E Si AEE EES teak 31 Wi DN Куй S аала 3 
Р. N. Маиапп................_ 20 Ewe Rien Irure Че Ышы, 2 
Н. А. [агапег............. 16 WaS; Етапкіп.............. 1 
С. В. Burleigh.............. 12 B.G. атте zz 4 
L. A. Osborne.............. 11 R. D. Mershon............... ] 
We I. 51сһ{ет.......2. 2.2.2... 11 F. A. C. Perrine............. 1 
Р. H. Тһопав.............. 11 No сһосе................... 283 


For Treasurer: George A. Hamilton, 2 176; no choice, 7. 
For Secretary: Ralph W. Pope, 2 177; no choice, 6. 
(Signed) AINSLIE A. GRAY, 
J. Н. GRANBERY, 
Е. L. HUTCHINSON, 
Н. D. COLLETT. 


President Schuyler Skaats Wheeler then formally announced 
the election of the following officers, to assume office September 
28, 1906. 


President: ;, SAMUEL SHELDON, Brooklyn, N. Y. 
Vice-presidents: A. H. ARMSTRONG, Schenectady, N. Y. 
. H. H. HUMPHREY, St. Louis, Mo. 
F. G. BAUM, San Francisco, Cal. 
Managers: PAUL M. LINCOLN, Pittsburg, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
. JOHN J. CARTY, New York, N. Y. 
А. M. SCHOEN, , Atlanta, Ga. 
Treasurer: . GEORGE A. HAMILTON, New York, N. Y. 
Secretary: RALPH W. POPE, New York, N. Y. 


PROPOSED REVISED CONSTITUTION. 


The vote on the adoption of the proposed revised constitution 
was as follows: 


For the Constitutional Amendments. СТИРТ 1 507 
Against n С иы 161 


i 


The vote in favor of the amendments was less than a majority 
of the qualified Members and Associates; therefore, the amend- 
ments are lost. ; | 

PE 


| 


LOCAL ORGANIZATIONS—DIRECTORY. 


Dec. 17, '02 


Branches Organized. Chairman. 
BRANCHES. 

Chicago......... ...|Kempster B. Miller. 
1893 

Minne$ota.......... Edward P. Burch. 
Apr. 7, '02 

Pittsburg........... S. P. Grace. 
Oct. 13 '02 

St. Louis.......... .|H. H. Humphrey. 
Jan. 14, '03 

Schenectady....... .|C. P. Steinmetz 
Jan. 26, '03 

Philadelphia........ C. W. Pike. 
Feb. 18 ‘03 

Boston............. C. A. Adams. 
Feb. 13, ‘03 

Washington D. C...|E. B. Rosa. 
Apr. 9 ‘03 

Toronto............ R. T.. MacKeen. 
Sept. 30 ‘03 

Columbus..........|F. L. Sessions. 
Dec. 20, ‘03 

Seattle............./C. E. Magnusson. 
Jan. 19, '04 

Atianta............/A. M. Schoen. 
Jan. 19 ‘04 

Pittsfield.......... . |С. C. Chesney. 
Mar. 25, '04 

Baltimore.......... J. B. Whitehead. 
Dec. 16 '04 

San Francisco .... |C. L. Cory. 
Dec. 23 ‘04 

Cincinnati........./C. S. Reno. 


Secretary. 


H. R. King. 
Barry Dibble. 
Theodore Varney. 
A. S. Langsdort. 
R. Neil Williams. 
H. F. Sanville. 

H. D. Jackson. 
Philander Betts. 


R. T. MacKeen. 


H R. Allensworth. 


W. S. Wheeler. 


W. R. Collier 


H. H. Barnes, Jr. 


C. G. Edwards. 


A. H. Babcock. 


L. Lowenberg. 


Branch Meets. 


lst Tuesday after 
N. Y. meeting. 


Ist Friday after 
N. Y. meeting. 

2d Tuesday. 

2d Wednesday. 

2d Wednesday. 

2d Monday. 

Ist Wednesday. 

Ist Thursday. 

2d & 4th Fridays. 


2d & 4th Mondays. 


2d Tuesday- 


3d Thursday 


2d Friday. 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. Chairman. 


UNIVERSITY 
BRANCHES. 


Cornell University.. .|E. L. Nichols. 
Oct. 15, ‘02 


Lehigh University.. .| Wn. S. Franklin. 
Oct. 15, '02 


Univ. of Wisconsin. |Н. Н. Scott. 
Oct. 15, '02 


Univ. of Illinois..... W. Н. Williams. 
Nov. 25, '02 


Purdue University.. .[C. P. Matthews. 
Jan. 26, '08 


lowa State College. .|L. B. Spinney. 
Apr. 15, '03 


Worcester Poly- |A. T. Childs. 
technic Institute... 
Mar. 25, '04 


Syracuse University. |W. P. Graham. 
Feb. 24, '05 


STUDENT MEETINGS 


Оһо State Univ..... Н. C. Bartholomew. 
Dec. 20 '02 

Penn. State College. .|C. L. Christman. , 
Dec. 20, '02 

Univ. of Missouri....|H. B. Shaw. 
Jan. 10, '03 

Armour Institute....|C. E. Freeman 
Reb. 26, '04 

Washington Univ...|A. S. Langsdorf. 
Feb. 26, '04 

Univ. of Michigan.. .|G. W. Lamke. 
Маг. 25 '04 

Univ. of Arkansas.. .|W. N. Gladson. 
Mar. 25, '04. 

Univ. of Colorado... 


Dec. 16, '04 


Secretary. 


H. H.Norris. 


William Esty. 


George C. Shaad. 


Morgan Brooks. 


J. W. Esterline. 


F. A. Fish. 


G. H. Gilbert, 


W. P. Graham. 


F. E. Beutler, 


Н. L. Frederick. 


D. W. Richards, 


C. E. Freeman. 


G. L. Evans. 


C. S. Kennedy. 


L. S. Olney. 


A. J. Forbess. 


Branch Meets. 


lst Friday after 
New York meeting, 


3d Thursday. 


Every Thursday. 


Every Tuesday. 


Ist Wednesday. 


Mar. 9, Apr. 20, 
May 11. 


Ist and 3d Thurs- 
days. - 


Every Tuesday 
evening. 

Every Wednesday. 

Ist and 3d Friday. 

3d Monday. 

Ist Wednesday. 

Ist and 3d Wed. 


nesdays. 


Ist & 3d Tuesdays. 
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. LOCAL ORGANIZATIONS— MEETINGS. 


Date of 
BRANCHES. | Meeting. 
1 Chicago..... 
`2 Minnesota...... 
3 Pittsburg........ 
4 St. Louis........ 
5 Schenectady..... Apr. 18. 
Apr. 25. 
6 Philadelphia. ..... 
7 Boston.......... May .2 


8 Washington, D.C.| Apr. 27. 
9 Toronto......... Apr. 13. 
Apr. 27. 
10 Columbus....... 
11 Seattle.......... 
12 Atlanta.......... 
13 Baltimore....... Apr. 20. 
14 Pittsfield........ Apr. 19. 
15 San Francisco... 
16 Cincinnati..... ..| Apr. 23. 


Subject Discussed. 
1 Indicates INSTITUTE papers. 
O Indicates Original papers. 
P Indicates Abstract from Technical Press. 


No recent report. 
No recent report. 


Abstract of March, 1906, INSTITUTE papers. 


Notes on the Development of Water Powers, 
by Frederick Darlington. O. 


No recent report. 
Some Features Affecting the Parallel Operation 


of Synchronous Motor-Generator Sets, illus- 
trated by lantern slides and experiments. I. 


Oil-Switches, by H. L. Smith, illustrated by 
lantern slides. Discussion. O. 


No recent report. 


Standardizing Rubber-Covered Wires. І. 


Comments on Present Underground Cable Prac- 
tice. I. 


Steam versus Electricity for Railway Traction, 
illustrated by lantern slides. O. 


The Relation of Load-Factor to the Evaluation 
of Hydroelectric Plants. I. 


Some Features Affecting the Parallel Operation 
of Synchronous Motor-Generator Sets. 1. 


No recent report. 
No recent report. 
No recent report. 


Recent Developments in Electric IHlumination. 
by J. В. Whitehead. О. 


Variation of Candle-Power Due to Frequency, 
by P. О. Keilholtz and B. Н. Branch. О. 


The Influence of Load-Factor on the Design of 
Hydroelectric Power Plants, a lecture by 


F. A. C. Perrine. 


Secretary Babcock writes that the San Fran- 
cisco Branch is temporarily suspended. 


Electric Light Balancers, by B. Frankenfield. O. 


—— 


Attend- 
ance. 


40) 


3U 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


UNIVERSITY Date of 


BRANCHES. Meeting. 


17 Cornell Univ..... May 4. 


18 Lehigh Univ..... 


19 Univ. of Wis.....| Mar. 22. 


Mar. 29. 


Apr. 5. 


Apr. 19. 


20 Univ. of Illinois. .| Apr. 19. 


Subject Discussed. 
1 Indicates INSTITUTE papers. 
O Indicates Original papers. 
P Indicates Abstract from Technical Press. 


Committee appointed to arrange for an in- 
formal closing meeting for June. Plans 
formulating for stimulating interest in next 
year's work. 


Standardizing Rubber-Coverel Wires and 
Cables. I. 


Comments on Present Underground Cable 


Practice. I. 


No recent report. 


The Gas-Engine. by L. Е. Fusscll. О. 


Gas-Producers, by E. B. Miller. O. 


High-Frequency Telephone Circuit Tests, by 
B. Н. Peck. O., 


Loaded Telephone Lines, by F. R. Marks. 


Lightning-Arresters, by C. C. Thwing. O. 


High Power Surges in Transmission Systems. 
by P. E. Davidson. O. 


Some Features Affecting the Parallel Operation 
of Synchronous Motor-Gencrator Sets. I. 


The Relation of Load-Factor to the Evaluation 
of Hydroelectric Plants. І. 


Design of Hydroelectric Power Stations. T. 


Some Features Affecting the Parallel Operation 
of Synchronous Motor-Generator Sets. І. 


The Relation of Load-Factor tothe Evaluation 
of Hydroelectric Power Plants. I. 


Design of Hydroelectric Power Plants. I. 


Attend- 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


UNIVERSITY 
BRANCHES. 


21 Iowa State Col... 


22 Purdue Univ..... 


23 Worcester Poly- 
technic Inst...... 


24 Syracuse Univ.. 


STUDENT 
MEETINGS. 


25 Ohio State Univ.. 
26 Penn. State Col.. 


27 Univ. of Missouri 


28 Armour Institute. 


29 Washington Univ. 


30 Univ. of Mich... 


31 Univ. of Ark..... 


32 Univ. of Colorado. 


Date of 


Meeting. 


Apr. 18. 


Apr. 17. 


Apr. 20. 


Apr. 26. 


May 3. 


Apr. 20. 


Mav 4. 


Subject Discussed. 
1 Indicates INSTITUTE papers. 
O Indicates Original papers. 
P Indicates Abstract from Technical Press. 


The U. S. Fuel- Testing Plants, by F. V. Roy. O. 


The Luminous or Flaming Arc Lamp, by А. Н. 
Hoffman. О. 


Election of Officers. 

Design of Hydroelectric Power Stations. I. 

Enclosed Fuses, by Professor Н. E. Clifford о; 
the Mass. Institute of Technology. O. 


Some Features Affecting the Parallel Operation 
of Synchronous Motor-Generator Sets. I. 


The Modern Theory of Electrical Phenomena, 
by К. A. Porter. О. 


Notes on Liyvhtning-Arresters. О. 


No recent report. 
No recent report. 


Relation of Load-Factor to the Evaluation ot 
Hydroelectric Plants. I. 


Design of Hydroelectric Power Stations. 


The Relation of Railway Sub-station Design to 
Its Operation. I. 


Some Considerations Determining the Location 
of Electric Railway Sub-stations. Il. 

No recent report. 

No recent report. 

No recent report. 

No recent report. 


No recent report. 


Attend- 
ance. 
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these candidates should so inform the Secretary before August 


24, 1906. 
5160 Charles H. Coffman, 


5161 Duncan G. Stanbrough, 


5162 William A. Warren, 
5163 Thaddeus Cahill, 
5164 Herbert W. Wright, 
5165 George Hartman, 
5166 James E. Miller, 
5167 David C. Cox, 
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5170 Charles S. Lawson, 
5171 Joseph A. Volk, Jr., 


5172 George E. Heyl-Dia, 


5173 Daniel J. Fleming, 


5174 Fernando M. Walker, 


5175 Thomas P. Smith, 


5176 Walter S. Finlay, Jr., 


5177 Albert P. Chapman, 
5178 T. Kobayashia, 
5179 Т. Osaware, 

5180 Y. Kasuya, 


5181 Robert N. Davidson, 
5182 Robert K. Sheppard, 


5183 Ralph J. McNitt, 


5184 William F. Devendorf, 


o185 Maurice L. Gray, 
0186 James T. Boustead, 


Clinton Ill. 
Norfolk, Va. 

E. Orange, N. J. 
Holvoke, Mass. 
Remlig, Texas. 
Turbine, Ont. 
Pittsburg, Pa. 
New York Citv. 
Wilkinsburg, Pa. 
Brooklyn, N. Y. 
Wilkinsburg, Pa. 
Norwalk, Conn. 
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Milwaukee, Wis. 
Elizabeth, N. J. 
Brooklyn, N. Y. 
Worcester, Mass. 
Tokvo, Japan. 
Tokvo, Japan. 
Tokvo, Japan. 
Rock Springs, Wyo. 
Philadelphia, Pa. 
Niagara Falls, N. Y. 
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. Swissvale, Pa. 


Minneapolis, Minn, 


Berthold H. Blendheim, 
Robert E. Dallas, 

John J. Skidmore, 
Alexander G. McGregor, 
George M. Sturgess, 


2 Claude A. Bulkeley, 


Louis H. Ehrbar, 
Laurence J. Gallagher, 


5 John Ferguson, 


George M. Painter, 
Delafield Dubois, 
Ichisuke Fujioka, 
Venning P. Hollis, 
Clarence H. Judson, 
Ralph W. Krass, 
Hermann F. Lehinpuhl, 
Lew R. Palmer, 


4 Carroll R. Phenicie, 
5 Charles H. Smoot, 


Harold N. Rust, 
Julian Roe, 

Charles E. Wingo, Jr. 
George F. Johnson, 
James C. Armstrong, 
Robert H. Marriott, 


2 Leo D. Firman, 


Charles A. Heron, 
Samuel J. Wendt, 
Roscoe I. Tune, 
Sumio Nishizaki, 
George A. Stebbins, 
George T. Fielding, Jr. 
William N. Goodwin, Јг., 
A. Studley Hart, 

John E. McGillwray, 
Siegmund Fenerstein, 
Alden S. Price, 

Louis Rask, 

Charles C. Buchanan, 
William E. Harkness, 
Morgan M. Lewis, 
Robert F. McKinney, 
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Roxbury, Mass. 
Anaconda, Mont. 
Buffalo, N. Y. 

St. Louis, Mo. 
New York City. 
Troy, N. Y. 
Glasgow, Scotland. 
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Tokyo, Japan. 
Minneapolis, Minn. 
Seattle, Wash. 
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Highwood, Ill. 
Buffalo, N. Y. 
Lake Forest, Ill. 
Chicago, Ill. 
Wilkesbarre, Pa. 
Chicago, ІШ. 
Atlanta, Ga. 
Albany, N. Y. 
Provo, Utah. 
Denver, Colo. 
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Lafayette, Ind. 
Evanston, Ill. 
Washington, D. C. 
Chikujen, Japan. 
Watertown, N. Y. 
Schenectady, N. Y. 
E. Orange, N. J. 
Providence, R. I. 
Walla Walla, Wash. 
Rochester, N. Y. 
New York City. 
Schenectady, N. Y. 
Schenectady, N. Y. 
Chicago, Ill. 
Exeter, Cal. 
Schenectady, N. Y. 


5229 
5230 
5231 
5232 
5233 
5234 
5235 
5236 
5237 
5238 
5239 
5240 
5241 
5242 
5243 
5244 
5245 
5246 


Ernest L. Rowe, 
Thomas P. Cowley, 
Benjamin A. Whisler, 
Ralph D. Nye, 

Bert H. Shepard, 
Parker H. Haselton, 
Robert E. Hutton, 
Charles C. Garrard, 
Harold H. Broughton, 
Arthur R. Dennington, 
Elmer S. Olmstead, 
Ellis H. Bacon, 

Albert C. Lasher, 

Earl O. Shreve, 
Reginald J. C. Wood, 
William H. Barnwell, 
Richard Maetzel, 
Bayard W. Mendenhall, 


Total, 87. 


Philadelphia, Pa. 
Chicago, Ill. 
Utica, N. Y. 
Wilkinsburg, Pa. 
Black River, N. Y. 
Ft. Wayne, Ind. 
Lexington, Va. 
Manchester, Eng. 
Brighton, Eng. 
Dayton, O. 
Dayton, O. 
Brooklyn, N. Y. 
Wilkinsburg, Pa. 
Oakland, Cal. 
Rochester, N. Y. 
Birmingham, Ala. 
New York City, 


Salt Lake City, Utah. 


MINUTES OF MEETINGS OF THE INSTITUTE. 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held at the Library, New York Edison Company, 
44 West Twenty-seventh Street, New York, Tuesday evening, 
May 15, 1906. President Wheeler called the meeting to order 
at 8:30 o'clock. 

The Secretary announced that at the meeting of the Board 
of Directors held Monday, May 14, there were 59 Associates 
elected, as follows: 


ADAMS, BENJAMIN CULLEN, Superintendent of Distri- W. B. Jackson. 
bution, Madison Gas and Electric Co.; res., G. C. Shaad. 


1010 Grant St., Madison, Wis. D. C. Jackson. 
AKERS, MILTON KENT, Assistant Instructor in Elec- Morgan Brooks. 

trical Engineering, University of Illinois; res., W. bh. Abbott. 

1303 Clark St., Urbana, Ill. J. M. Bryant. 


S. Reno. 


Аво, CHARLES EbGAR, Professor Physics and Elec- 
W. Shuster. 


trical Engineering, Mississippi A. and M. Col- 
lege, Agricultural College, Miss. St. C. Dunston. 


C. 

J. 

A. 

ARGERSINGER, Roy Epwin, Electrical Engineer, Gen- R. №. Williams. 
eral Electric Co., Schenectady; res., 108 Water D. B. Rushmore. 
St., Johnstown, N. Y. H. R. Sargent. 

ARMSTRONG, RALPH WILLISTON, Designer and Drafts- pue Dixon. 
man, Gray Electric Co., 75 Fulton St.; res., R. A. Klock. 
468 W. 153d St., New York City. R. P. Parrott. 


BaiLEv, EUGENE Tryon, Electrical Engineer, G. апа L. A. Phillips. 
О. Braniff and Co., Mexico, Mex. F. L. Hutchinson. 
C. V. Allen. 
Banos, GEorGE Hanorp, Student, Polytechnic Insti- S. W. Ashe. 
tute of Brooklyn; res., 431 W. 162d St., New J. M. Russell. 
York City. amuel Sheldon. 
BarToNn, ROBERT CHARLES, Student, Cornell Univer- Н. Н. Norris. 
sity; res., 116 Osmun Place, Ithaca, N. Y. V. Karapetoff. 
A. M. Buck. 
BEARD, RicHARD MEEK, Chief Engineer, International E. P. Thompson. 
District Telephone Co., 50 Broadway; res., 21 W. A. Anthony. 


Stuyvesant St., New York City. Н. W. Drake. 

BENNET, ORVILLE G., JR., Yokohama, Japan. A. V. Abbott. 
A. F. Rolf. 

H. H. Norris. 


BLEYER, ARTHUR, Estimator, M. B. Foster Electric Morton Arendt. 
Co., 949 Broadway; res., 449 E. 57th St., New F. B. Crocker. 
York City. Fitzhugh Town- 
send, 
BRANCH, BENJAMIN Harrison, Assistant to Super- P. O. Keilholtz. 
intendent, Consolidated Gas, Light and Power E. B. Ravmond. 
Co., Ellicott City, Md. J. F. Dusman. 
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Brooks, GEORGE WAINWRIGHT, Foreman of Con- O. J. Ferguson. 
struction, General Electric Co., Niagara Falls, Crellin Cartwright 


Ne Xa Kenneth McCaskil 
САРЕх, BERNARD W., Equipment Engineer, Nebraska Í; C. Lee. 
Telephone Co., Omaha, Neb. . V. Haves. 
Н. E. Clifford 


CARGO, LAWRENCE M., Manager, Westinghouse Elec- R. D. Mershon. 
tric and Mfg. Co., 429 17th St.; res., 2714 E. C. Е. Scott. 
13th St., Denver, Colo. L. B. Stillwell. 


Crossy, RoBert H., Foreman, Interborough Rapid P. Lindermann. 
Transit Co.; res., 2402 Creston Ave., Bronx, H. N. Latev. 
N. Y. Е. В. Slater." 


Davis, Нож Авр LEE, Assistant in Engineering De- А. P. Boeri. 
| E CS N. Y. Tel. Co. and N. Y. & N. J. A. А. Frank. 
el. Co., 15 Dey St., New York City. Hobart Mason. 


EVERETT, SAMUEL MARRON. JR., Electrical Engi- L. Littlefield, Jr. 
neer, Gould Storage Battery Co., 1 W. 34th G. F. Sever. 
St., New York City; res., 490 Hancock St., Е. Е. Grevatt. 
Brooklyn, N. Y. 


FARWELL, FRANKLIN MaGINNis, Electrical Tester, J. T. Flickinger. 
General Electric Co.; res., 230 Liberty St., С. F. Brush. 
Schenectady, N. Y. A. №. Copley. 

FREELOVE, JAMES LEONARD, Electrician, Malden F.C. Sargent. 
Electric Co.; res., 8 Benner Ave., Malden, J. A. Smith. 


Mass. C. B. Burleigh. 
GALLAGHER, EpwARD GERALD, Electrical Engineer, R. N. Chamber- 

Lake Torpedo Boat Co., Universitatstrasse 3b, lain 

Berlin, Germany. Н. E. Clifford. 


H. S. Miller. 
GLENN, Tuomas Knox, Testing Department Edison Н. C. Hall. 
General Electric Co.; ; res., 131 Lafayette St., W. M. Riggs. 
Schenectadv, N. Y. H. H. Hess. 


Gray, OwEN НЕквїск, Consulting Electrical Engi- V. К. Lansingh. 
neer, 419 Dooly Block, Salt Lake City, Utah. C. D. Hubbard. 
C. A. Gaines. 
GREENE, GEoRGE BoKETON, Engineering Expert, D. B. Rushmore. 
E. H. Rollins and Sons, 19 Milk St., Boston, E. W. Rice, Jr. 
Mass. A. H. Armstrong. 
HaLLoraNn, HARRY RICHMOND, Student, Cornell Uni- Н. Н. Norris. 
versity; res., 409 Huestis St., Ithaca, N. Y. V. Karapetoff. 
H. H. Cochrane. 
HANSEN, Vico, Engineering Department, New York Otto L. J. Schier. 
Edison Co.; res., 500 W. 150th St., New York J. B. Noe. 


City. S. O. Sandell. 

HENRY. SIDNEY MorGAN, Assistant Naval Constructor H. E. Clifford. 
U. S. Navy, Mare Island, Cal. R. R. Lawrence. 

| С. Н. Porter. 

Hewitt, JouN MARSHALL, Student, Cornell Univer- Н. Н. Norris. 
sitv; res., 414 Stewart Ave., Ithaca, N. Y. B. C. Dennison. 


E. L. Nichols. 
HirLBoRN, Davin Sipney, Cable Tester, Bell Tele- Max Freimark. 
foe Co.; res., 2146 N. 12th St., Philadelphia, Nathan Hayward. 
a. P. L. Spalding. 
Jounston, Ermer Leroy, Switchboard Operator E. L. Cullen. 
Milwaukee Electric Railway and Light Co., 516 J. I. Beggs. 


Concordia Ave., Milwaukee, Wis. G. R. Radley. 
Карс, JOSEPH FRANK, Student, Western Electric Н. К. King. 
Co.; res., 682 S. Avers Ave., Chicago. Ill. H. M. Biebel. 


W. J. Warder, Jr. 
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KAHN, Morris FREIDBERG, Engineer in Cable De- H. T. Plumb. 
partment, N. Y. & М. J. Telephone Co., 78 W. Е. б. Proutt. 
113th St., New York City. W. E. Brown. 

KeitH, LrgicH SHELTON, Electrical Engineer, New J. J. Carty. 

York Telephone Co., 15 Dey St.; res., Hotel R. M. Hopkins 
San Remo, New York City. G. H. Hodges. 

Kenyon, Oris ALLEN, McGraw Publishing Co., 114 A. S. McAllister. 
Liberty St.; res., 542 W. 159th St., New York Edward Caldwell. 
City. B. V. Swenson. 


LARRABEE, Haro.tp Davis, Su ИВ Hoosick Н. Р. Hudson. 
Falls Illuminating Co., Hoosick Falls, N. Y. C. D. Haskins. 
H. E. Clifford. 
Laws, FRANK ARTHUR, Associate, Professor of Elec- H. E. Clifford. 
trical Testing, Massachusetts Institute of Tech- R. R. Lawrence. 
nology, Boston, Mass. C. H. Porter. 
MEYER, EINAR HONORATUS, Ontario Power Co., Ni- V. G. Converse. 
agara Falls, N. Y. . B. Suhr. 
H. W. Peck. 
McCLiNTIC, Emmett W., Assistant, Lackawanna Н. C. Hall. 
Light Co., Scranton, Pa. L. L. Holladay. 
E. P. Waller. 


NIKONOW, JOHN Pavr, Engineering Department, Paul MacGahan.. 
Westinghouse Electric Co.; res., 556 Trenton Theodore Varney. 
Ave., Wilkinsburg, Pa. Arthur Keller. 
OrAKI, TEISHIRO, Assistant, Professor of Electrical M. Namba. 
Engineering, Kyoto Imperial University, Ky- T. Kogi. 
oto, Japan. W. D. Weaver. 
Parry, RicuaRD W., Chief Engineer, Scioto Valley L H. Hallberg. 
Traction Со.; res, 293 Rienhard Ave., Fullerton. 
Columbus, O. George Hafer, Jr. 
PENDER, HAROLD, Assistant, Cary T. Hutchinson, 60 C. T. Hutchinson. 
Wall St., New York City; res., Perth Amboy, C. F. Scott. 
N. J. J. D. Keiley. 
РнилрР, RoBert Аѕнвү, Engineering Department, C. Е. Wallace. 


Stone and Webster, 84 State St., Boston, Mass. D. P. Robinson. 
Russell Robb. 
REED, CHARLES Brison, Manager of Electrical De- L. H. Thullen. 
partment, H. W. Johns-Manville Co., 220 1st H. A. Calderwood. 
Ave.; res., 330 Collins Ave., Pittsburg, Pa. 5. B. Martin. 
REID, GEORGE HAROLD, Electrical Engineer, General D. B. Rushmore. 
Electric Co., Schenectady, Ne Y: P. T. Hanscom. 
K. A. Pauly. 
ROBERTSON, JAMES Townes, Electrician, oe East- C. E. Waddell. 
ern Tariff Association, Abbeville, S. A. M. Schoen. 
| J. В. Danforth. 
SANDER, GEORGE HERMANN, Engineer, General Elec- D. B. Rushmore. 
tric Co.; res., 20 So. Wendell Ave., Schenectady, Н. G. Reist. 
N. Y. P. T. Hanscom. 
Sanps, HERBERT STEAD, Engineering Salesman, West- l; E. Johnston. 
inghouse Electric and Mfg. Co.; 429 17th St., H. L. Woolfenden. 
Denver, Colo. C. W. Humphrey. 


Scorr, Horten Henry, General Superintendent, W. B. Jackson. 
Madison Gas and Electric Co., Madison, Wis. C. F. Burgess. 
D. C. Jackson. 
SERINGHAUS, FREDERICK W., JR., General Electric К. N. Williams. 
Co.; res., 954 8th Ave., New York City. J. E. Noeggerath. 
G. F. Sever. 
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SLEMIN, HARRY CHARLES, Telephone Engineer, Strom- б. S. Macomber. 
berg-Carlson Telephone Mfg. Co.; res., 9 Cor- А. M. Haubrich. 


nell St., Rochester, N. Y. Carl Kinsley. 
STECK, Ernst, Engineer, Dodge & Dav, Drexel Bldg., Н. Е. Sanville. 
Philadelphia, Pa. Kern Dodge. 


Charles Day. 
STEWART, MILES VINCENT, Commercial Engineer, R. №. Williams. 


General Electric Co., Schenectady, N. X. I J. Oolgaardt. 
. B. Raymond. 
STUBBS, WILBUR SEWALL, Foreman of Construction, C. M. Knight. 
General Electric Co., Mexico City, Mex. W. T. Taylor. 
C. A. Chase. 


TINNEMANN, Orro, Instructor in Electrical Engi- C. L. Cory. 
neering, Polvtechnic College of Engineering; G. C. Noble. 
res., 1543 Addison St., Berkeley, Cal. Wynn Meredith. 

WILKINSON, CEcIL Том, Ер СС; General Electric W. L. К. Emmet. 
Co.; res, 15 Waverley Place, Schenectady, К. W. Pope. 
N. Y. К. N. Williams. 

WiLLis, JAMES, Student, Columbia University, New G. Е. Sever. 
York City; res., West New Brighton, S. I., N. Y. Morton Arendt. 

C. À. Schneider. 
Worr, Harry Joun, Assistant Electrical Engineer, Cooper Anderson. 
Telluride Power Co., Telluride, Colo. J. К. Broughton. 
R. P. Fairbanks. 
Zipp, PuiLipP HENRY, Sub-station Foreman, Indiana- Н. Н. Norris. 
lis and Eastern Railway Co., 15 W. South Н. LE Ryan. 
t., Greenfield, Ind. Dusman. 
Total, 59. 


The Secretary announced further that the following Asso- 
ciates were transferred to the Grade of Member: 


CHARLES Е. RoeEnt, Electrical Engineer, Brooklyn Rapid Transit Com- 
pany, Brooklyn, N. Y. 
A. С. ore Consulting Electrical Engineer, Sydney, New South 
"ales 
Joun Hart Riper, Chief Electrical Engineer, London County Council 
Tramways, London, England. 
GeorGE Н. Morse, Professor of Electrical Engineering, University of 
Nebraska, Lincoln, Nebraska. 


The Secretary then presented the following report: 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


t 


REPORT OF THE BOARD OF DIRECTORS FOR THE FISCAL 
YEAR ENDING APRIL 30, 1906. 


The Board of Directors presents herewith for the information of the 
INSTITUTE a report of its work during the past year, also of the financial 
standing of the organization. 

The Annual Convention was held at Asheville, North Carolina, June 
19-23, 1905. The total attendance was approximately 225. At this 
Convention, President Lieb delivered his annual address, and about 25 
engineering papers were read and discussed. Arrangements are now 
nearing completion for the 1906 Convention, which will be held at Mil- 
waukee, May 28-]une 1. An excellent program of high-grade papers 
has been prepared, and a large attendance is anticipated. 

During the year the Board of Directors has held twelve regular monthly 
meetings. Abstracts of most of the annual reports of the principal 
committees are included herewith. 

The total membership now is 3870, an increase during the year of 
410. The number of students enrolled is 618. 

In June, 1905, the Board of Directors received a communication from 
the New York Edison Company, offering the INsTITUTE the use of the 
auditorium in their building at 44 West 27th Street, New York, for 
holding the monthly INsTITUTE meetings, until the United Engineering 
Building is completed. This courtesy was promptly accepted by the 
Board, and meetings have been held at the above address commencing 
in September, 1905. 

A communication was received in November, 1905, from the Institu- 
tion of Electrical Engineers of Great Britain, extending an invitation 
to the members of the INSTITUTE to visit London and vicinity, in June, 
1906. This invitation has been accepted, and arrangements are now 
being made by a number of our members to participate in this trip. 

An invitation was also received from the Italian Electrotechnical 
Association, inviting the INsTITUTE to visit the Milan Exposition and 
other places in Italy, during June, 1906; but after communicating with 
the membership it was found that the number who signified their desire 
to attend was too small to warrant the IxsTiTUTE being officially rep- 
resented, and consequently the Italian trip has been postponed to a 
future season. | 
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The International Electrical Congress of St. Louis, 1904, through 
its President, notified the IxsTiTUTE in February, 1906, that the Con- 
gress had decided to offer the INsriTUTE the balance remaining in the 
hands of the Congress treasurer, as a gift to the INSTITUTE in the form 
of a separate fund to be invested by the INsTiTUTE; the proceeds to 
be expended in the purchase of international electrical literature for 
the INsTiTUTE library. This gift was formally accepted by the Board, 
and resolutions adopted to the effect that the fund shall be known as 
the “ International Electrical Congress of St. Louis, 1904, Library 
Fund." This fund, which now amounts to $2067.06 has been deposited 
in a Trust Company under the conditions indicated above. 

In March, 1906, the Board directed that the resolutions adopted by 
the Standardization Committee in favor of the Metric System, be sub- 
mitted to the membership for a letter ballot, and that the Congressional 
Committee in charge of the pending bill relating to the Metric System 
be notified. The result of this ballot was 1569 in favor and 178 
against the resolutions. 

Board of Examiners.—Twelve meetings of this Board have been held 
during the year at which applications for election as associates, enrolment 
as students, and transfers to the grade of member have been reported 
to the Board of Directors as follows: 


Recommended for election as АѕЅосіаїеѕ................... 574 

Not recommended for election as Associates................ 5 
Recommended for enrolment as students...................310 

: Recommended for transfer to grade of Member.............. 41 
Not recommended for transfer to grade of Member.......... 23 
Held for further 1пЇоттайоп............................. 8 
Total applications соп51йегей........................ 961 


Committee on Local Organtzations.—As this Committee was appointed 
the latter part of March, 1906, it has had no opportunity for shaping or 
assisting in the work of the branches during the past year. А circular 
letter has been sent to the various local organizations asking for reports 
and suggestions which may be useful to the Committee in promoting 
the welfare of the branches and in proposing to the Board of Directors 
such measures as may be found desirable. 

The reports from the branches to the Secretary's office during the 
past year have been epitomized in the monthly PROCEEDINGS. A re- 
view of these reports shows that the activity is quite general. Manv 
of the branches report original papers. On the whole, the condition of 
the branches as indicated by these reports, is a healthy one. 

A general summary shows that there are now twenty-one active cen- 
ters; several in a state of semi-activitv; and three or four which are 
dead, or practically so. Several places where life has died out have 
been characterized by change of local conditions; from some of the 
places the active men have moved away. 

The sum total of activity in the branches during the past year will 
measure a very considerable proportion of the total interest and ac- 
tivity among IxsrirTUTE members as a whole. The development of the 
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INSTITUTE as a national body, will be greatly strengthened and promoted 
as the branches, particularly those in the leading cities, come to the 
recognized as the established local electrical societies of those centers. 

United Engineering Building.—The contract for the building was award- 
ed to Wells Brothers Company. Construction work began the latter 
part of last summer. The progress report of the Superintendent dated 
April 23, 1906, is as follows: 7 

Number of workmen, 400; walls up to thirteenth floor; terra-cotta 
floors to roof; steel work finished; plumbing and electric risers up to 
the fifth floor; heating up to the sixth floor; metal lathing started; 
boilers set; partitions will start this week; work progressing very 
rapidly. 

A pamphlet containing the plans of the building and a general state- 
ment by the Building Committee has been issued. 

The United Engineering Society is now in communication with a 
number of engineering bodies with a view to their becoming associate 
societies, occupving space in the building. 

Building Fund Committee—The last annual report stated that $66,534.50 
had been pledged in subscriptions to the Land and Building Fund, and 
that $19,301.25 had been paid in and deposited to the credit of the 
Fund. The chairman of the Committee reports that on April 30, 1906, 
the subscriptions had reached a total of $132,434.30 from 644 subscribers 
and that $88,238.10 had been received and deposited. Among the 
larger new subscriptions were $5,000 from Mr. C. A. Coffin, and $5,000 
from Mr. Clarence W. Mackay; $25,000 from the General Electric Com- 
pany, and a joint subscription of $25,000 from the American Telephone 
and Telegraph Company; the Western Electric Company; the New York 
Telephone Company and the New York and New Jersey Telephone 
Company. Subscriptions are promised by other electrical manufacturing 
and public service corporations, while the canvass is also being carried 
on actively amongst the individual members; with the prospect of a 
steady growth in the amount raised. The publication of the plans 
for the United Engineering Building has been a decided stimulus to the 
generosity of the profession, and the Committee entertains hopes that 
the completion and occupancy of the building will enable it to announce 
the securing of the entire $200,000 desired for the purpose of paying 
the quota of the IxsriTUTE for the land and installing it appropriately 
in the new home. 

Committee on Finance.—In addition to the special funds already re- 
ported, there has been established the '' International Electrical Con- 
gress of St. Louis Library Fund," which was given to the INsTiTUTE by 
the Executive Committee of the Congress upon closing up its affairs. 
The interest from this fund is to be devoted solely to the purchase of 
foreign electrical literature. The ordinary receipts during the fiscal 
vear were $40,423.43; the ordinary disbursements, $40,767.22; and the 
net cash gain was $8,656.21. 

The bank balance available for current expenditures on April 30. 
1906, was $14,979.09. Adding to this sum the market value of the 
United States bonds owned by the INsTITUTE, $8,320, makes a total 
of $23,299.09 in cash or its equivalent, immediately available. Under 
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the Founders’ Agreement with the United Engineering Society, the 
INsTITUTE is pledged for its share of the cost of the land upon which 
the United Engineering Building is being erected. This share of indebt- 
edness is $180,000, upon which.4% interest is being paid from the Build- 
ing Fund. The principal is due in twenty annual payments; and it is 
to this purpose that the Land, Building, and Endowment Fund is to be 
. devoted; and assessments of the United Engineering Society have been 
paid out of this Fund. The advance payment of about one-quarter 
of the principal, is now under consideration. 

Standardization Commuttee.—This Committee has held four meetings 
and will hold one or two more before the summer. The principal work 
undertaken was the revision of the Committee’s former report, which 
in the future it is proposed to call '' Standardization Rules of the A.I.E.E.'' 

This revision includes the correction and rearrangement of old matter, 
the introduction of new definitions and classifications, and recommenda- 
tions regarding new apparatus and new conditions. After the Committee 
finally passes upon the revised rules, they will be submitted to the various 
manufacturers and engineers interested, for suggestions and criticisms. 
Then after further consideration by the Committee the Rules will be 
referred to the Board of Directors. It is hoped that the result will be 
a set of Rules generally acceptable and permanent for some years to come. 

It is proposed to incorporate with the Rules certain appendices, such 
as Copper Wire Resistance Table, Specifications for Testing Rubber 
Covered Wires, Notation, and other matters related to standardization. 

In accordance with the resolutions passed at the International Elec- 
trical Congress, St. Louis, 1904, the British Institution of Electrical 
Engineers, acting as organizer, has secured the appointment of national 
delegates from various countries and arranged for a meeting to be held 
in London the latter part of June. The Committee is in favor of stand- 
ardizing certain general features and methods in connection with elec- 
trical apparatus in regard to which it is hoped that international agree- 
ment can be secured. 

Committee оп Papers.—4Arrangements were made for the holding of 
eight regular monthly meetings at which were presented 17 papers. The 
total registered attendance on these meetings was 1,527, that is an aver- 
аре attendance per meeting of 192. Besides the authors, 57 members 
participated in the discussion of the papers. Arrangements have also 
been made for the presentation of twenty papers at the Annual Con- 
vention to be held at Milwaukee during the last week of Mav. 

The Editing Committee.—During the last twelvemonth there have 
been edited and printed under the direction of this Committee approxi- 
mately 1050 pages of Proceedings, composed of 850 pages of papers, 
and 190 pages of discussion. Volume XXIII, of the Transactions— 
January 1, to December 31, 1904—containing approximately 838 pages 
(503 pages of papers and 335 pages of discussion) was issued to the 
members June 28th, 1905. Volume XXIV of the Transactions—Janu- 
arv Ist, to December 31st, 1905—containing approximately 1150 pages, 
(940 pages of papers, and 210 pages of discussion) is now in press, and 
will be delivered in July to such Associates and Members as have paid 
their dues for the current fiscal year, ending April 30th, 1907, as 
provided in the by-laws. 
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Edison Medal Committee —On July 24, 1905, the sub-committee on 
Institutions of Learning reported that of the institutions which had 
asked to be placed on the eligible list, fifty-one (51) had been found 
qualified. The report of the sub-committee was approved by the Medal 
Committee. On Aug. 4, 1905, a circular letter was sent to these fifty- 
one institutions advising them of the. action of the Committee and re- 
questing that they present competitors for the year 1905. Acknowledge- 
ments were received from representatives of eleven institutions; none 
of them presented theses for 1905 although several stated that they 
hoped to do so another year. 

In accordance with the recommendations of the sub-committee on 
Institutions of Learning the Medal Committee has added four more 
institutions to the eligible list, making the present total 55. 

A circular letter dated January 6, 1906, and a copy of the By-Laws 
were mailed to each institution on the eligible list, urging that com- 
petitors be presented for 1906. Two copies of a form of presentation 
notice to be used in presenting competitors accompanied each circular 
letter. As these notices cannot be sent in until after the men have 
received their degrees, none have been received up to the present time. 

John Fritz Medal.— The John Fritz Medal for 1905, was awarded to 
George Westinghouse by the John Fritz Medal Board of Award, upon 
which the INSTITUTE is represented. . 

Committee on Law.—This Committee has held several meetings during 
the year for the purpose of considering all matters referred to it 
by the Board of Directors. The principal matter referred to the 
Committee was the revision of the Constitution and By-Laws. A cir- 
cular letter was sent to the membership asking for an expression of 
opinion in regard to the modifications and improvements deemed de- 
sirable in the present Constitution. All suggestions and criticisms re- 
ceived were considered in detail A report including a draft of pro- 
posed revised Constitution was then formulated and submitted to the 
Board of Directors and subsequently to the membership for letter ballot. 

The Committee has availed itself of the authority granted it by the 
Board to consult the legal counsel of the INSTITUTE whenever necessary. 

Committee on Forest Preservation.— The Committee after examining the 
Constitution and By-Laws of various forestry associations, concluded 
that it would be inadvisable to recommend that the IxsTITUTE accept 
any of the invitatiors for joint action regarding forest preservation. 

So far as forest preservation for the benefit of the electrical in- 
dustry is concerned, forest fires are of fully as great importance as the 
effect on the lumber industry and consequently the members of the 
INsriTUTE Should be urged to aid in making effective the laws for the 
control of forest fires. The Committee also recommends that specia] 
instructions be given to employees by companies operating water power 
plants and transmission lines that any aid given by their employees in 
checking such fires is directly beneficial to these companies. 

The Committee is convinced that the forestry work that will be most 
beneficial to the electrical industry is such as will prevent washing 
away of the land along the banks of the streams, and it is recommended 
that hydro-electric companies consider the advisability of obtaining from 
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the government or from a committee of the INSTITUTE instructions for 
the preservation of slopes by planting bands of trees or shrubs at such 
points as will tend to accomplish this result. If a considerable portion 
of these trees be chestnut or locust a supply of poles and pins may be 
obtained therefrom in the future, thereby directly benefiting the com- 
panies for their efforts. In order to attract the interest of farmers 
living on the water sheds of streams it will be necessary to aid them 
by furnishing additional information and instructions. This subject so 
far as the Committee can ascertain has not been taken up by any of 
the forest associations, although it is apparent that the Agricultural 
Department is endeavoring:to aid in the matter. 

ь Membership.—The total membership at the close of last year's report 
was 3460, classified. as follows: 


Honorary" MembetSe «sou syed cane es eee ae i 2 
Members........... OS Gs pictis tcu teu tei NA T, 482 
| ASSOCIAUES козе» tawny. бр» шр» Кекилик uq 2976 
| Total May 1, 1905... 22 реу e ERR 3460 
| Elected prior to May 1, 1905, and since qualified......... 103 
Elected May 1, 1905, to April 30, 1906, and qualified..... 464 
Restored to Мегпїһег$һиїр............................... 2 
4029 
Deduct— 
Total ОЕА су сита а enl e me ad eed 20 
Total- Кернай аена ова Rw eae 42 
Dropped as delinquents. тона е ока кари ркаш» 97 
159 
Total membership April 30, 1906................... 3870 
The membership April 30, 1906, is classified as follows: 
Honorary Меш Бег descen ROS UE Sb eere 2 
NEG DOTS vena peat Nd nO eris Mania ao M RH ША 508 
ASSOGIGEBSC. a isthe ETE a ERE N E E 3359 
dcc УЕ ООЛО ee (same e E wae O em 3870 


Associates Elected. —The Associates elected during the усаг, May 1, 
1905, to April 30, 1906, and their present status is as follows: 


Qualified and now А$вос1абез........................... 464 
Elections сапсеПе.................................... 5 
ме Же К onm Apne ЗО оета Rae e a 122 

То А uwleetions.oenituu debole К К К X 501 


Resignations.—The following Members and Associates have resigned 
in good standing during the vear: 

Members.—Alcx Macfarlane. 

Associates.—F. Ramsey Allen, John A. Campbell, C. Weston Clark, 
J. Ч. Clarke, A. Fredk. Collins, Erik Cronvall, Walter S. Dix, К. К. 
Dunlop, J. D. Foy, W. К. Gardener, Н. W. Goddard, Н. F. Gurney, 
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R. Н. Hadfield, M. L. Holman, D. A. Holmes, Wm. A. Hopkins, C. E. 
Hyatt, H. L. Johnston, F. M. Jourdan, H.C. Judson, J. C. Kelsey, 
Е. К. Knowlton, Chas. LeBlanc, Jos. №. LeConte, W. S. Mallory, 
С. К. Metchear, Benj. Н. Moore, С. С. Morse, А. E. Payne, J. B. Riddle, 
E. B. Rich, A. Wm. Schramm, F. В. Spencer, Н. Т. Stewart, А.В. 
Storms, Jos. S. Stout, W. C. Temple, G. Н. Thomson, A. L. Tucker, 
Frank W. Walker, W. J. Wilgus. Total, 42. 

Deaths.—There have been during the year the following deaths: 

Members.—]. C. Chamberlain, Chas. Cuttriss, F. A. LaRoche, E. A. 
Leslie. 

Associates.—F. A. Churchill, Jr., Е. E. Cooley, W. W. Donaldson, 
Geo. W. Davenport, E. C. Dobbelaar, W. E. Gavit, Guthrie Gray, J. H. 
Hamilton, C. H. Hines, W. B. Rankine, Henry Rustin, Theo. Spencer, 
I. A. Tavlor, H. S. Webb, S. B. Winchester, Н. R. Wellman. Total, 20. 

The average receipts and disbursements per capita for the past six 
years, is shown in the following table: 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 


During each fiscal year for the past six years. 


MOAT saves р utes wee ТА 1901 1902 1903 1904 1905 1906 
Меп Ьегеһїр........................... 1260 1549 2230 3027 3460 3870 
RECEIPTS PER MEMBER: 

Entrance Ёеез......................... . $0.61 $1.16 $1.59 $1.65 $0.83 $0.75 
Пе ыда X Ro нра ов A ode spa. 8.61 10.06 29.01 9.33 9.30 9.47 
Transactions, Sales and Advertising...... 1.03 1.54 1.79 2.11 1.70 2.15 
aC BOS xD dat o dh ee каро Sue ut. .18 .26 .Jo .39 .28 .27 
Intéfesti.l.l. 2e е а teen a eae ‚12 .24 ‚21 .18 ‚21 .13 


a 


DISBURSEMENTS PER MEMBER: 


Transactions............. Cine we DAS $2.83 $3.50 $4.67 $3.43 $3.77 33.33 
аа ies ncs te Sau ox p E d wd cen redu d 2.49 2.78 249 2.50 2.20  Á 2.64 
Meeting Ехреп<ез...................... 1.05 1.13 ‚87 1.16 82 68 
Rents Эш еы he ee ad ete dee s 94 94 .65 79 75 68 
Library. including Rent and Salanes..... 29 1.85 1.35 1.39 81 09 
POS SAG: галуш талый haie RUND eek Ree ees 46 51 69 66 66 Os 
Stationery and Miscellaneous Printing.... .39 .53 .96 1.01 .70 78 
General Ехреп<сз...................... .33 .99 ‚52 ‚45 .94 .29 
Badges...... РЕСОРИ .16 .19 AM 35 ,25 22 
EXpTESS о ardt ue OC SE E OR RT .15 AS ‚15 .28 ‚22 „23 
Advertising. eiere Soh о eem I be лз .36 
LO eco dre Ed Ree eee us $0.35 $12.17 $12.95 $12.02 $10.72 $10.48 


Credit Balance per Member............. $1.20 $1.09 $0.00 $1.64 $1.60 $2.29 


GENERAL FINANCIAL STATEMENT AS APPROVED BY THE 
BOARD OF DIRECTORS MAY 14, 1906. 


May 14, 1906. 

Dr. SCHUYLER S. WHEELER, PRESIDENT OF THE AMERICAN INSTITUTE 

OF ELE&TRICAL ENGINEERS, NEw YorK City. 

Sir: Pursuant to the provisions of the Constitution, the Committee 
on Finance has during the year exercised supervision over the financial 
affairs of the Institute. It has considered all bills and approved for 
payment such as constituted a proper charge against the Institute. 

It has considered and reported upon specific appropriations, and has 
made special reports upon various matters referred to it by the Board 
of Directors. 

As provided by the Constitution, it has employed an expert accountant 
to audit the accounts of the Institute; and this report made by Messrs. 
Peirce, Proud & Co., certified public accountants, has been approved by 
the Board of Directors, and is transmitted herewith. 

Very truly yours, 
J. J. Carty, Chairman Committee on Finance. 


15 Dey St., New York, May 12, 1906. 
Mr. JOHN J. Carry, 
Chairman Committee on Finances. 


DEAR SIR: 


In accordance with your instructions, we have audited the books 
and accounts of the American Institute of Electrical Engineers for the 
year ended April 30, 1906. 

The results of this examination are presented in four exhibits, at- 
tached hereto, as follows: 

Exhibit А. Balance sheet April 30, 1906. 

Exhibit B. Receipts and disbursements for general purposes for year 
ended April 30, 1906. 

Exhibit C. Receipts and donations for designated purposes, also 
expenditures on same for vear ended April 30, 1906. 

Exhibit D. Condensed cash statement. 

We beg to present attached hereto our certificate to the aforesaid 
exhibits. 

Yours very trulv, 


PEIRCE, Proup & Co., 


Certified Public Accountants. 


40 Cedar St., New York, May 12, 1906. 
Mr. Joux J. Carty, 
Chairman Committee on Finance. 
DEAR SIR: 

Having audited the books and accounts of the American Institute of 
Electrical Engineers for the year ended April 30th, 1906, we hereby cer- 
tify that the accompanying Balance Sheet is a true exhibit of its finan- 
cial condition as of April 30th, 1906, and that the accompanying state- 
ments of Cash Receipts and Disbursements are correct. 


. PEIRCE, Proup & Co., 
Certified Public Accountants. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


BALANCE SHEET, APRIL 30, 1906. 
ExHiBiT А. 


ASSETS. LIABILITIES AND SURPLUS. 
CASH; 
Land Building and Funps: 
Endowment fund $80,700 .62 Land Building and 
Carnegie (Library) Endowment fund $80,700.62 
ard. wee aes 3,952.37 Carnegie (Library) 
General Library fund............ 3,952.37 
fundo lisse es 232.56 General Library 
Compound Member- fund. 232.56 
SD fund and in- Compound Member- 
егезї........... 4.886 .97 ship fund and in- 
eMailloux fund. 1,000.75 terest........... 4,886 .97 
International Elec- , Mailloux fund..... 1,000.75 
trical Congress of ‘International Elec- 
St. Louis, 1904, | ' trical Congress of 
Library fund.... 2,067.06 St. Louis, 1904, 
————— Library fund.... 2,067.06 
$92,840 .33 ‘Reserve fund (U.S. 
*General cash in Govt. bonds).... 8,320.00 
Бап Кызу» 14,978 .34 ———————— 
Secretiry’s petty Total habilities.......... $101,160.33 
cash on hand.... 500 .00 
——————— $108,318 67 | SurRpPLus: 
U. S. Govt. bonds In cash........... $15,478.34 
3s, 1918........ . 8,000.00 In property and ac- 
Premium on bonds counts receivable 39,833 .60 
(market value).. 320 .00 ——— ————— 55,311.94 
— 8,320 .00 ————— 
Library volumes Total liabilities and sur- 
and fixtures..... 23.674 .76 PINS ca vc vi rectus ui $156,472 .27 
Transactions....... 3.936 .75 
Congress bcoks.... 318.75 
Office furniture, fit- 
tings. etc....... 3.187 .90 
Badges........... 112.2: 
31,230.41 


AccovwNTS RECEIVARLE: 
Members for past 


Чпез............ 6,470.35 
Members for current 
dues.. Ss 65 .00 
Members for en- 
trance fees...... 105.00 
$6,640.35 
Miscellaneous..... А 186 .95 
Subscriptions. . А 41.40 
Students’ dues..... 72.00 
For advertising.... . 1.662.49 
—————— 8,603 19 
Total Assets............. $156.472 27 


* The Farmers' Loan and Trust Co. de- 
sit account includes 75c. of the Mailloux 
“und. 


to 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 


RECEIPrs 


EXHIBIT B. 


ENDED APRIL 30, 1996. 


RECEIPTS. 

Entrance fees.,...... $2 902.00 
Current dues........ 31,706.30 
Past dues........... 2,352 00 
Advance dues........ 319.00 
Students dues....... 1.830 .00 
Transfer fees........ 300 .00 
Вачцмез............. 1,040. 
Sales Transactions... $964.04 
Subscriptions, Proceed- 

ИЙ PPM MESA 560 75 
Advertising.......... 5.699 .60 
Electrotyping and En- 

Eraving.. ics yu 21.45 
Binding............. 89.25 
Exchange........... 19.09 
Interest on U. S. Govt. 

bonds. 240.00 
Interest on bank bal- 

ance. 248.73 
Interest on Life Mem- 

bership fund...... 86 97 
Rovalty............. 180.00 
Library account..... 25.00 
Sundry amounts re- 

ceived from accts. 

written off or car- 

nied in suspense. 465.62 

Total гыры Ir 


AMERICAN INSTITUTE OF ELECTRICAL ENG 


$40.509 .30 


8,601 .10 


$49,110.40 


DISBURSEMENTS. 


Stenographers and 


AND DISBURSEMENTS FOR GENERAL PURPOSES FOR YEAR 


Tvpewriting....... $88.14 
Stationery and Print- 
ИЗИ E A 2.938 .75 
Postage. PS 2.246 87 
General expenses e 1.068 11 
Meeting expenses.... 875.55 
Branch meetings..... 1.762.09 
Badpges............. 851.76 
б$а1апев............. 8.211 .07 
Electrot yping and En- 
graving........... 1.723 .89 
Publishing Transac- 
tions, Printing, 
Binding, etc....... 9.843 .39 
Sala ty vum rer 2.000 .00 
Кеш ............... 2.045 .01 
Binding. vr 1.320 03 
Ехрге<в............. 883.72 
Otbce furniture...... 192.50 
Advertising commis- 
SIODSS. hes ees .376 .91 . 
$38.057 .79 
LIBRARY: 
Кеш............... $1.475 03 
Librarian's salary... 750 00 
Library insurance.... 106.35 
Miscellaneous........ 313.31 
—L--———- 2,674.69 
Profit and loss on % 
ЕРО 34.74 
ТОГА а Sd ined Ав $40.707.22 
Excess of receipts over 
disbursements, de- 
poses in General 
und 356 21 
Deposited i in Life Mem- 
bership fund...... 86.97 
8.343. 18 
$49.110 . 40 
INEERS. 


RECEIPTS AND DONATIONS FOR DESIGNATED PURPOSES, ALSO ExPENDI- 
TURES FOR YEAR ENDED APRIL ЗЭ, 1926. 


Ехнївїт С. 


RECEIPTS. 
Land, Building and Endowment fund. Donations, Interest, еёс....... $69.549 46 
General Library Fund. Ппиегехї................................... 9.30 
Carnegie (Library) Fund, [п{егез{................................ 121.50 
Mailloux Fund, їтїєгємї................... FE T 30.00 
International Electrical Congress of St. Louis, 1904. Library Fund.. 2.067 06 
Life Memberships to Fund. uie eot ide AUR Ere a ecko ari qs cms 400 .00 
12,171.32 
EXPENDITURES. 

Land, Buidling and Endowment Fund, paid United Engineering So- 
ca ia cin PEL Oe eee aes he ae x лы ДӘ hae ЕРУ РР $10.600 00 
Land. Building and Endowment Fund, collection апа other expenses 996 . 35 
General Library BURG eoru co a Pe aoe d SVEDESE E BU 115.55 
Carnegie (Library) Fund... eee ales 253.30 
Mailloux Pun ЕРРЕТИ 37.45 
Total ЕхрепЧїїигез........... н а кыы ee ы де ee ee $12.002 .98 
Deposited to credit of their respective fund accounts.......... ees. 600.174.34 
$72.177 .32 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
CONDENSED CASH STATEMENT 
Ехнівіт D. 


Cash on Deposit April 30, 1905....................... $39,301.15 
Secretary's petty cash April 30, 1905................... 500.00 
| $39,801.15 
Receipts for general purposes, Ex. В.................. 49,110.40 
Receipts for designated purposes, Ex. С............... 72,077 .32 

А —————-$161,088 .87 
Disbursements for general purposes, Ex. В................. $40,767 .22 
Expenditures for designated purposes, Ex. C........... 12,002 .98 

———— 52,770.20 

Balance on hand April 30, 1906................... $108.318.67 
On Deposit for designated purposes, Ex. А............. 92.840 .33 
On deposit general, Ex. А............................ 14,978 .34 


Secretary's petty cash, Ex. А......................... 00 .00 
——— ————$108,318 .67 


PROPERTY ACQUIRED DURING THE YEAR. 
(Reported as directed by the Constitution.) 


Office Furniture and Рїх{игез......................................* $192.50 
Library Books and Віват аиа AUR Eo nes 825.00 
Paintings 666/45 od оа d ene aede Ее а ROO RM acc es oie Te PURI VAR 2,300.00 


Respectfully submitted for the Board of Directors, 
RALPH W. POPE, 
Secretary. 


President Schuyler Skaats Wheeler then formally announced 
the election of the following officers, to assume office September 
28, 1906. 


President: SAMUEL SHELDON, Brooklyn, N. Y. 
Vice-presidents: A. H. ARMSTRONG, Schenectady, N.Y. 
H. H. HUMPHREY, |. St. Louis, Mo. 
F. G. BAUM, San Francisco, Cal. 
Managers: PAUL M. LINCOLN, Pittsburg, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
JOHN J. CARTY, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
Treasurer: GEORGE A. HAMILTON, New York, N. Y. 
Secretary: RALPH W. POPE, New York, N. Y. 


PROPOSED REVISED CONSTITUTION. 
The vote on the adoption of the proposed revised constitution 
was as follows: 


For the Constitutional Amendments........... 1 507 
Against А | Mr oae quem qid 161 
The vote in favor of the amendments was less than a majority 
of the qualified Members and Associates; therefore, the amend- 
ments are lost. 


LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organised. 


BRANCHES. 

Chicago............ Kempster B. Miller. 
1893 

Minnesota..... .... |Edward P. Burch. 
Apr. 7, '02 

Pittsburg........... S. P. Grace. 
Oct. 13 '02 

St. Louis...........]H. Н. Humphrey. 
Jan. 14, '03 

Schenectady........]D. B. Rushmore. 
Jan. 26, '03 | 

Philadelphia........ W. C. L. Eglin. 
Feb. 18 ‘03 

Boston............. C. A. Adams 
Feb. 13, ‘03 ‘ 

Washington D. C...|E. B. Rosa 
Apr.9 '03 

Toronto............ R. G. Black 
Sept. 30 '03 

Columbus.......... F. L. Sessions. 
Dec. 20, '03 

Seattle............./C. E. Magnusson. 
Jan. 19, '04 

Atlanta............ A. M. Schoen. 
Jan. 19 '04 

Pittsfield.......... .|C. C. Chesney. 
Mar. 25, '04 

Baltimore.......... J. B. Whitehead. 
Dec. 16 '04 

San Francisco ..... .|C. L. Cory. 
Dec. 23 '04 


Cincinnati ........ |С. S. Reno. 


Dec. 17, ‘02 


H. R. King. 


Barry Dibble. 


Theodore Varney. 


A. S. Langsdorf. 


E. E. F. Creighton 


H. F. Sanville. 


H. D. Jackson. 


Philander Betts. 


R. T. MacKeen. 


Н Е. Allensworth. 


У. S. Wheeler. 


W. R. Collier 


H. H. Barnes, Jr. 


C. G. Edwards. 


A. H. Babcock. 


L. Lowenberg. 


Branch Meets. 


lst Tuesday after 
N. Y. meeting. 


Ist Friday after 
N. Y. meeting. 

2d Tuesday. 

2d Wednesday. 

2d Wednesday. 

2d Monday. 

Ist Wednesday. 

lst Thursday. 

2d Friday. 


2d & 4th Mondays. 


2d Tuesday: 


3d Thursday 


2d Friday. 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. Chairman. 


UNIVERSITY 
BRANCHES. 


Cornell University...|E. L. Nichols. 
Oct. 15, '02 


Lehigh University.. .|Wm. S. Franklin. 
Oct. 15, '02 


Univ. of Wisconsin. .|H. H. Scott. 
Oct. 15, '02 


Univ. of Шпоіз..... W. Н. Williams. 
Nov. 25, '02 


Purdue University.. .|C. P. Matthews. 
Jan. 26, ‘08 


lowa State College. .|F. A. Fish. 
Apr. 15, '03 


Worcester Poly- 
technic Institute... 
Mar. 25, '04 


A. P. Chapman. 


Syracuse University.|W. P. Graham. 
Feb. 24, '05 


STUDENT MEETINGS 


Ohio State Univ..... H. C. Bartholomew. 

Dec. 20 '02 | 
. Penn. State College. . |С. L. Christman. 

Dec. 20, '02 

Univ. of Missouri....|H. B. Shaw. 
Jan. 10, '03 

Armour Institute. ...|C. E. Freeman 
Peb. 26, '04 

Washington Univ...|A. S. Langsdorf. 
Feb. 26, '04 

Univ. of Michigan...|G. W. Lamke. 
Mar. 25 '04 

Univ. of Arkansas.. .|W. N. Gladson. 
Mar. 25, '04. 

Univ. of Colorado... 


Dec. 16, '04 


Secretary. 


H. H. Norris. 
William Esty. 
George C. Shaad. 
Morgan Brooks. 
J. W. Esterline. 
Adolph Shane. 


A. T. Childs. 


W. P. Graham. 


F. E. Beutler. 
H. L. Frederick. 
D. W. Richards, 
C. E. Freeman. 
G. L. Evans. 

C. S. Kennedy. 
L. S. Olney. 


A. J. Forbess. 


Branch Meets. 


Ist Friday after 
New York meeting, 


3d Thursday. 


Every Thursday. 


Every Tuesday. 


1st Wednesday. 


Ist and 3d Thurs- 
‘days. 


Every Tuesday 


evening. 
Every Wednesday. 
Ist and 3d Friday. 
3d Monday. 
Ist Wednesday. 
Ist and 3d Wed- 


nesdays. 


Ist & 3d Tuesdays. 
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LOCAL ORGANIZATIONS— MEETINGS. 


Date of 
BRANCHES. Meeting. 
i Chicago......... 
2 Minnesota....... May 4 
3 Pittsburg... May 8. 
4 St. Louis........ May 9 
5 Schenectady... .,| May 23. 
6 Philadelphia..... May 14. 
7 Boston.......... 
8 Washington, D.C. 
9 Toronto......... May 11. 


10 Colum*us., 


Subject Discussed. 
1 Incicates INSTITUTE papers. 
О Indicates Original papers. 
P Indicates Abstract from Technical Press. 


No recent report. 


Discussion on Standardizing Rubber-Covered 
Wires and Cables.I. 


Operation of High-Voltage Cables, by Philip 
Torchio. А 


Installation of High-Voltage Cables, by С. W. 
Davis. 


Remarks upon the Kind and Manufacture of 
High-Voltage Cables, by H. W. Fisher. O. 


Discussion of plans to increase interest in 

Branch work during the coming year. 
Discussion on * Present Underground Cable 
Practice." 


Discussion on 
Parallel Operation of Synchronous A 
Generator Sets." 1 


'" Some Features SCR the 
otor- 


Election of Officers: D. B. Rushmore, chairman; 
E. H. Anderson, Vice-chairman; F. 
Creighton, corresponding secretary; A. 5. 
Loizeaux, recording secretary; А. S. Kapella, 
treasurer; H. E. White, librarian. 


Modern Types of Electric Locomotives, by S. T. 
Dodd. О. Discussion. 


Recent Developments in Out-door Illumination. 
by C. P. Steinmetz. 


NO recent report. 


No recent report. 


Decided to hold only one meeting a month. at 
the Engineers’ Club, second Friday. 


Election of Officers: G. Black, chairman; 
k. Aitken. vice- E W. A. Bucke, 
H. W. Rice. W. G. Chase. executive commit- 
tee; R. T. MacKeen, secretary. 


No recent report. 


Attend- 
ance. 


21 


“3 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


_ Subject Discussed. 
1 Indicates INSTITUTE papers. 


Date of O Indicates Original papers. Attend- 
BRANCHES. Meeting. P Indicates Abstract from Technical Press. ance. 
Ii Seattle: ..... 55 May 8. Description of the 80 000-h.p. pass of the 16 
Mount Hood Electric Co. on the Big Sandy 
River, by F. R. Bates. 
une Members and friends from different ints in 21 
11 the State of Washington and British Colum- 


bia met at the Hotel Vancouver, Van oaver, 
B. C., Saturday evening. June 9, 1906. 

The next morning, 21 members and their friends 
inspected the 2750 ft. span in the 23 000 volt 
transmission line across an arm of Burrard 
Inlet and then proceeded, by boat, to the 
generating station, transformer house, dam, 
and tunnel—2) miles long through a moun- 
tain of solid rock (owned by the Vancouver 
Power Co., Ltd.). 

Lunch was served by the Ma ax at the Sta- 
tion, and dinner at the club in Vancouver. 
Visits were then made to Stevenson at the 
mouth of the Fra er River, by trolley, and 

to the Vancouver sub-stations. 

Monday, various trips were made in and around 
Vancouver, including one, by trolley, to New 
Westminster. 

We were the guests of the Vancouver Power 
Company, Ltd., and its parent, the British 
Columbia Electric Railway Company, Ltd., 
for nearly two days, and thanks are due them 
and their officers, especially Mr. R. H. Sper- 
ing, General Manager, Vancouver Power Co., 

and Mr. James Milne, General Superin- 
tendent, British Columbia Electric Railway 
Company, Ltd., for the courtesy shown us 

This past is, without doubt, the most substan- 
tially built hydroelectric power plant on the 
Pacific Coast. 


12 Atlanta.......... No recent report. 
13 Baltimore....... May 11. | Electric саа through Gases, by К. W. 25 
Wood. iscussion by Messrs. Potts, 
' Wiegand, Shipman, Thomas, and Howard. 
14 Pittsfield........ May 10. | Power Development in the Pacific Northwest, 37 
by W. S. Barstow. 
15 San Francisco. ... No recent report. 
16 Cincinnati....... No recent report. 
UNIVERSITY 
BRANCHES. 
17 Cornell Univ..... June 8. Mercury Arc Apparatus. O. 150 
The Cooper-Hewitt Mercury Arc Converter and 
Lamps. 
18 Lehigh Univ..... No recent report. 
19 Univ. of Wis.... .| April 26.| A Comparison of the Cost of Operation of Steam 18 


and Electric Roads, by R. T. Herdegen. О. 
Heavy Electric Traction Problems, by R. D. 


Wheeler. 
May 3. ШУН Эше Power Distribution, by Е. К. 18 
h Mar 


High-tension Insulators, by A. P. Balsom, O. 


Digitized by Google 
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LOCAL ORGANIZATIONS—MEETINGS.—Continued. 


UNIVERSITY 
BRANCHES. 


19 Univ. of Wis... 


20 Univ. of Ш...... 


21 lowa State Col... 


22 Purdue Univ..... 


23 Worcester Poly- 
technic Inst. ....... 


24 Syracuse Univ... 


STUDENT 
MEETINGS. 


25 Ohio State Univ.. 
26 Penn. State Col.. 
27 Univ. of Missouri 


28 Armour Institute. 
29 Washington Univ 
30 Univ. of Mich... 

31 Univ. of Ark..... 
32 Univ. of Colorado 


Date of 


Meeting. 


May 10. 


May 17. 


May 16. 


May 25. 


May 18. 


Subject Discussed. 
1 Indicates INSTITUTE papers. 
O Indicates Original papers. 
P Indicates Abstract from Technical Press. 


Зотава Rubber-covered Wires апа Ca- 
es. 1. 


Comments on Present Underground Cable 
Practice. 

Discussion on * Standardizing Rubber-Covered 
Wires and Cables," and on ' Comments on 
Present Underground Cable Practice." 


Election of Officers: F. A. Fish, chairman; F. V. 


Skelley, vice-chairman; E. зов ны treasurer; 
Adolp US secretary; L. B. Spinney, R. 
WwW але. F. L. Tunis, executive committee. 


Discussion on Standardizing Rubber-Covered 
Wires and Cables. 


Efficiency of the Windmill Sail, by Professor 
Davidson of the Farm Mechanics Dept. O. 


No recent report. 


Election of Officers: A. P. Chapman. president; 
L. W. Hitchcock, vice-president; A. T. Childs, 
secretary-treasurer; . B. Smith, A. T. 
Childs, A. P. Chapman, С. С. Quimby, F. A. 
Spencer, executive committee. 


Abstract of Theses Work. 


Single-phase Railway Motors, 
by J. E. Smith. 


Study of Train Resistance, by C. H. Gilbert. 


Illumination for the New Electrical Labora- 
tory, by F. C. Green. 


Design of Electrical Power Transmission System 
for the New Electrical Laboratory, by S. W. 
Farnsworth. 


Design of an Electric Car-Testing Plant, 


by 
. T. Childs. 


No recent report. 


No recent report. 


No recent report. 
Discussion on '"' Standardizing Rubber-Covered 


Wires and Cables." and on ‘Comments on 
Present Underground Cable Practice." I. 


No recent report. i 
No recent report. 
No recent report. 
No recent report. 


No recent report. 


Attend- 
ance. 


20 


30 


21 
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ACCESSIONS TO THE LIBRARY. 


The following donations have been made to the Library since 
the last acknowledgement: 


Edward D. Adams: 


Аввотт, A. V. The Electrical Transmission of Energy. xiv.+ 
586 p., iL, pl, 94 іп. New York. 1895. 


ACHARD, A. De la Transmission et de la Distribution des Forces 
Matices à Grand Distance. 156 p. pl. 9 in. Paris. 1876. 


On the Various Modes of Transmitting Power to a Distance. 
p. 57-104, 84 in. (Proc. Inst. of Mechanical Engineers, Jan., 1881 ) 

ALLGEMEINEN ELEKTRICITATS-GESELLSCHAFT. ED. Die Kraft- 
ubertragungs-Werke Rheinfelden. Technische und Wirthschaftliche 
Darstellung der Ausni:tzung der Wasserkrafte des Rheins bei Rhein- 
felden. 173 p., il., pl, 10} in. Berlin. 1896. 

Amateur Mechanic’s Workshop. 7th edition. ii. + 148 p. pl. 
81 in. London. 1888. 

Appleton’s Cyclopedia of. Drawing. Edited by W. E. Worthen. 
xiv.+410 p., il., pl., 104 in. New York. 1857. 

Ateliers de Construction d'Oerlikon pres Zurich. 39 p., pl, 
11X 142 in. No date. 

ATKINSON, A. А. Electrical and Magnetic Calculations. уй. + 
310 p., 74 in. New York. 1902. 

ATKINSON, P. The Electric Transformation of Power. vii.+ 
244 p., il., 74 in. London. 1894. 

AVERY, E. M. Elements of Natural Philosophy. 1у. + 595 p.. 
iL, 74 in. New York. 1885. 

Batt, W. W. R. Mathematical Recreations and Problems. За 
edition. xii.--276 p. 743 in. London. 1896. 

BARBER, T. W. Engineer's Sketch-book of Mechanical Move- 
ments. 2d edition. 243 p., 82 in. London. 1890. 

BanrLETT, W. Н. C. Elements of Natural Philosophy. 3d edi- 
tion. 2 vols., 94 in. New York. 18550-1803. 

BECKETT, Sir E. Rudimentary Treatise on Clocks and Watches 
and Bells. 7th edition. хі. + 400 p., pl, 7} in. London. 1883. 

BENJAMIN, P. s Voltaic Cell: its Construction and its Capa- 
city. iv.+562 p., iL, 94 in. New York. 1893. 

Die Berliner ES werke bis ende 1896. Geplant und 
Erbaut von der Allgemeinen Elektrizitats-Gesellschaft. Dargestellt . 
von Gustav Kemmann. хи. + 270 p.. il. pl, 124 in. Berlin. 1897. 

BoorH, M. L. New and Complete Clock and Watchmaker’s 
Manual xvii.+294 p., pl, 73 in. New York. 1889. 

BOTTONE, ? Ae The Dynamo, how Made and how Used. 7th ed:- 
tion. 98 p., il, 74 in. London. 1890. 

Eu Instrument Making for Amateur. 4th editicn. 
202 p.,7in. London. 
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Edward D. Adams :—Continued. 


Bower, G. S. AND М№енв, W. The Law Relating to Electric 
Lighting, being the Electric Lighting Act, 1882. xx. +259 p, 9 1n. 
London. 1882. 

Brackett, С. F. AND Отневѕ. Electricity in Daily Life. xvii. + 
288 p.. iL, pL, por., 9 іп. New York. 1890. i 

Bradford's History of '" Plymouth Plantation." From the Orig- 
inal Manuscript. lxxvii. + 555 p., por., 9ł in. Boston. 1899. 


BREMIKER, C. Logarithmisch-Trigonometrische Tafeln mit Sechs 
Decimalstellen. $84 in. Berlin. 1860. 


—— ——C. Tafeln Vierstelliger Logarithmen. 2d edition. 63 p., 
8} in. Berlin. 1893. 


BRITTEN, S J Former Clock and Watchmakers and their Work. 
vill. +397 p., 1L, 8 in. London. 1894. 
On Fr and доза of Watches. 152 p., 74 
ine London. 1898. 


—The Watch and Clock Makers’ Handbook, Dictionary and 
Guide. 9th edition. 459 p., il., 8 in. London. 1896. 


BRowN AND SHARP Mrc. Co. Practical Treatise on Gearing. 
5th edition, уп. +1560 p., il., 9 in. Providence. 1896. 

Treatise on the Construction and Use of Milling Machines. 
vil. +246 p., iL, pl, 94 in. Providence. 1896. 

Burr, W. Н. Elasticity and Resistance of the Materials of Engi- 
neering. Sth edition. xvu.+753 p., 94 in. New York. 1896. 

Capat, E. AND DuBost, L. Traité Pratique d'Electricité Indus- 
trielle. 11.--667 p., ib, pl, 93 іп. Paris. Baudry. 1892. 

Case, W. E. Electricity from Carbon without Heat. 16 p., 8 in. 
New York. 1897. 

CasEv, J. Treatise on the Analvtical Geometry of the Point, 
Line, Circle, and Conic Sections. 2d edition. xxix. + 564 p., 7} in. 
Dublin. 1893. 

CassiER's MAGAZINE. Niagara Power Number of Cassier's Maga- 
zine, July, 1895. p. 173-384, il., pL. 10 in. New York. 1895, 

CuvRCH, A. E. Elements of the Differential and Integral Calcu- 
lus. vin.+344 p., 94 in. New York. 1855. 

CLERK, D. Theory of the Gas Engine. 2d edition. 180 p., 6 p. 
New York. 1891. 

Cox, WM. The Polar Planimeter. 20 p., il, 9 in. New York. 
No date. 

CrocKER, Е. B. Electric Lighting. 2 vols, il, 91 in. New 
York. 1896-1901. 

CROCKER, Е. B. AND WHEELER, S. S. Practical Management of 
Dynamos and Motors. 3d edition. 206 p., il, 72 in. New York. 
1494. 

Crookes, W. Radiant Matter, a Resumé of the Principal Lectures 
and Papers of Wilham Crookes, on the Fourth State of Matter. 
49 p., il., 9 in. Philadelphia. No date. 

CrosBy, О. T. Ах BELL, L. d Electric Railway in Theory 
and Practice. 2d edition. 416 p., iL, 91 in. New York. 1896. 

CUMMING, L. Introduction to = Theory of Electricity. 4th 
edition. ху. +345 p, 74 in... London. 1894. 

The Cunard Royal Mail Twin-Screw Steamers Campania and 
Lucania, and the World's Columbian Exposition, 1803. 134 p., 
pl, 144 in. London. 1893. 

The Cyclopedia of Electrical Engineering. 2 vols 
Philadelphia. 1895. 


„il, por., S in. 
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Edward D. Adams:— Continued. 


Davies, C. A Treatise on Shades and Shadows, and Linear 
Perspective. 159 p., pl, 10 in. New York. 1860. 


Davies, C. AND Реск, W. С. Mathematical Dictionary and 
Cyclopedia of Mathematical Science. 592 p., 94 in. New York. 
1857. 

Davis, J. W. Theoretical Astronomy. Dynamics of the Sun. 
156 p., 102 in. New York. 1891. . 

DE La GOURNERIE, J. Traité de Géométrie Descriptive. 2 vols. 
Texte et Atlas. 10} in. Paris. 1860. 


DESCHANEL, A. P. Elementary Treatise on Natural Philosophy. 
Translated and Edited by J. D. Everett. 10th edition. Parts 1-4, 
ib, 8$ in. New York. 1891-1893. 

DicksoN, W. K. L. AND Dicksos, А. The Life and Inventions 
of Thomas Alva Edison. xvi.+362 p., il., pl, por., 104 in. New 
York. [pref. 1894.] 

DiEskEL, К. Theory and Construction of a Rational Heat Motor. 
vil.+85 p., 83 in. London. 1894. 

DRINKER, Н. S. Tunneling, Explosive Compounds and Rock 
Drills. 1031--xliv. p., il, pl, 12 in. New York. 1878. 

Droysens, G. Allgemeiner Historischer Handatlas in Sechsund- 
neunzig Karten mit Erlàuterndem Text.  Ausgeführt von der 
Geographischen Anstalt von Velhagen und Klasing in Leipzig unter 
Leitung von Richard Andree. 88 +92 p., 16} in. Bielefeld. 1886. 

DucnETET, E. Catalogue Кола. 3 те Partie, Electricité. 
271 p., il., 94 in. Paris. 1900. 

Du MoxceL, Тн. Electro-Magnets: the Determination of the 
Elements of their Construction. 2d Amer. fr. 2d French еа. 122 p., 
б іп. New York. 1888. 

EIMER AND AMEND. Chemical and Phvsical Apparatus and 
Assay Goods. 409 + x. p. il, 10 in. New York. 1895. 

THE ENGINEERING RecorD. Water Tower Pumping and Power 
Station Designs. 34 pl, 13$ in. New York. 1893. 

" Esser, Н. Draughtsman’s Alphabets. Sth edition. 31 pl., 
7X104 іп. New York. 

EwiNc, J. А. The Steam-Engine and other Heat-Engines. xiv. 
+400 p., 9 in. Cambridge. 1894. 

Fiske, Lieut. B. А. Electricity in Naval Life. p. 323-428, il., 
pl. 91 in. No date. 


FraATHER, J. L. Dvnamometers and the Measurement of Power. 
vi.+ 215 p., 1L, 72 in. New York. 185892. 
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TWENTY-THIRD ANNUAL CONVENTION OF 
THE AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEERS, HELD AT MIL- 
WAUKEE, WIS., MAY 28-31, 1906. 

Mondav, May 28, 1906. 
MORNING SESSION. 


The Twenty-third Annual Convention of the AMERICAN IN- 
STITUTE OF ELECTRICAL ENGINEERS was called to order at 
11:10 a.m. by President Schuyler Skaats Wheeler. 

President Wheeler: I now call to order the twenty-third 
annual meeting of the AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS. This occasion has an added interest, from the 
fact that this is the first time this magnificent hall has been 
used, the use of which has been accorded to us bv the Milwaukee 
Electric Railway & Light Co. I shall introduce Mr. Charles 
W. Burkett, representing the local Entertainment Committee. 

C. W. Burkett:. I regret that we are unable to secure the 
attendance of the mayor. I have just called his office by tele- 
phone and urged him to be present, at the same time explaining 
that the AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS is 
one of the most important of the national engineering societies. 
He said that owing to pressing city government matters it would 
be impossible for him to be with us this morning. He has 
delegated Mr. John T. Kelley, the City Attorney, to speak for 
him, whom I take pleasure in introducing to you. 

J. T. Kelley: At the request of the mayor, made but a short 
time since, a few moments ago practically, I am here to ex- 
.press to you his extreme regret that he is unable to come here 
and extend to you in person the welcome and the freedom of 
the city, which he bids me to extend to you in his behalf. Mat- 
ters of a public nature have arisen which require his attention 
this morning in order that they may be ready for a meeting 
of the Common Council this afternoon. Many of you gentle- 
men may know how difficult it is to deal sometimes with mem- 
bers of common councils in these municipalities. That is the 
reason why the mayor himself cannot be with vou this morn- 
ing; but he bids me to say to you that his welcome and the 
welcome of the people of the city of Milwaukee is none the less 
because of the fact that he cannot be here. 
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It is true, and the mayor regrets it, as do we all, that we 
have not provided the very best of weather for you on the 
occasion of your introduction to Milwaukee; but we have made 
arrangements with the weather clerk for this afternoon and the 
ensuing days of your stay in this city, so that there shall be 
no complaint on that score for the balance of your stay here. 

You will observe, perhaps, that the down-town streets of 
the city are not in the best condition, but that is not our fault. 
They are the best we have and we are willing that you should 
use them, such as they are, to your hearts’ content. We prom- 
ise you that when you come again, if you should do so in the 
near future, they shall be in better condition. We do not blame 
anyone for their present condition. They grew out of condi- 
tions over which men seem to have no control. No doubt 
you have in your own cities from time to time conditions of 
like character prevailing—conditions that you would like to 
amend quickly when visitors come to see you. But unfortunate- 
ly a municipality is unlike a household; the women of the 
household can scurry around and dust up around the rooms, 
and put away soiled clothing and similar things in some out- 
of-the-way place, but in a municipality we cannot do that. 
The streets are there, and we can not move them into the rear, 
so that you can not see them. They are there, and we invite 
you to walk and ride over them as best you may; but we have 
the street railway company, with its beautiful cars, and manv, 
many miles of trackage, and these will convey you over all 
these rough places without jog or jar. 

This reference to the street cars, I understand, is in line 
with vour general work. You are engaged in one of the most 
beneficent occupations, in which people of this day are en- 
gaged. In my judgment the development of electricity is one 
of the most important agencies of the time, and one of the 
wonders of the world; and I am told by those who are acquainted 
with the science, if I may so call it, that it is but in its beginning. 
I congratulate you young men, whom I see before me, engaged 
in this most interesting and beneficent work. It appears to me 
as if the science of electricity and the development of elec- 
tricity along economical lines, its application to our industries 
and to transportation and the like, is one of the greatest civilizing 
influences that the times have brought to us. I cannot im- 
agine anything more productive of good to the home and the 
family than the facility that is afforded through this wonderful 
science of taking the tired workman and his family from the 
shop and the factory and from the busier part of the city out 
into the sunlight and the fresh air and the fields and the flowers 
during the season in which those things prevail, and thus 
enabling him and his family to commune in a measure with 
Nature and to be elevated and uplifted by it. Without this 
agency at the present time, without the facilities which this 
science affords, of transportation with rapidity and cheapness, 
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it would be impossible for our working population to enjoy 
these advantages and these benefits that do so much for their 
mental, moral, and physical natures. Hence I deem it that 
you are a favored class, to be engaged in dealing with this 
subtle science, and with the mechanics and appliances that 
harness it and make it available for man’s use. It must, їп- 
deed, be elevating and ennobling for you individually, and satis- 
fying, to know that you are engaged in one of the sciences 
which is bringing such benefit to your fellows in every community. 
That is the way we who are not engaged in this occupation 
feel about it and toward it and towards those who are em- 
ployed in it, and on behalf of the mayor of Milwaukee and the 
people of this great city I bid you welcome. 

I hope that your sessions will, as I know they will, be pro- 
ductive of great profit to you, and that їп the end these sessions 
will be productive of profit to us all; that your stay here will 
be pleasurable, and that you will have opportunities, as I am 
sure you will, through the kindness of the local committees 
and the aid of our citizens, of seeing the magnificent city which 
we have, the great manufacturing and industrial enterprises, 
and the advancement of mechanical and manufacturing devel- 
opment which we are able to show to vou; no city in the country 
having a better standing, in my opinion, or greater advance- 
ment in that respect. Along the line of your own particular 
work, Milwaukee, if I am correctly informed, stands at or near 
the head. We have a citizen of our city whose name is a tower 
of strength in this line—this beautiful building being a monu- 
ment to his energy and his activity. I understand that he 15 
thoroughly en rapport with vou, one of your leaders and your 
teachers—I refer to Mr. John I. Beggs, the president of our 
electric railway and lighting company. Since you are engaged 
in that line, doing that work, it will be a satisfaction to you to 
know that here in Milwaukee you have one of the finest exam- 
ples of electric railway and lighting systems that I believe the 
world knows. This beautiful building, now nearing its com- 
pletion, 1s a monument to the energy and the industry, the 
indomitable courage of the men who have charge of this institu- 
tion. I feel that I may say that you will receive at the hands 
of this corporation, its president and its members, a most 
hearty welcome and generous treatment. 

For the rest of the city, it 1s yours. I am informed that 
when the mayor welcomes these conventions he savs that if 
there were a key he would give it to the visiting delegates, 
but there being no key he simply turns them loose without it 
and bids them use the city as thev wish for their welfare and 
their interest, their pleasure and their advantage. If you find 
during your visit here that you are at a loss for anything you 
want, ask any of our citizens for it. Milwaukee has been en- 
gaged for years in entertaining conventions, and all of our 
people are instructed and know how to tell vou things you want 
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to know and put vou in the right way and give you such assist- 
ance as you desire. І thank you, my friends, for your attention. 

President Wheeler: I am sure I am within the limits of 
my duty as president of the INSTITUTE, in expressing to the 
city and its othcials our appreciation of their kind welcome, 
and their expressions in regard to our profession and its work. 

The next business wil be the address of the President. I 
have chosen as the subject of my annual address a subject which 
has interested me for many years—Engineering Honor. While 
I have reduced to writing something in the way of an annual 
address as required bv the Constitution, I shall try to express 
the substance of my theme to you directly, if I can, because 
I attach much importance to the weight that can be given 
only in that wav. All that I would say has been summarized 
by Sir Francis Bacon in his preface to his Maxims of the Law. 

President Wheeler then read a portion of his address, and 
said: I want to read a few extracts from a compilation of the 
work that has been done bv the several professional societies 
on this subject, and for the compilation I am indebted to my 
friend Mr. Edwin Rust Douglas. I will only read a few of the 
extracts which I have selected for the occasion, and will then 
return to my notes. 

President Wheeler read the extracts, and then said: I read 
these extracts simplv to show that a great deal has been done 
on this subject, and it is by no means a novel topic. If I had 
read the extracts before I had written mv own address, I would 
not have written it, but would simply have presented the ex- 
tracts to you in place of the address. 

President Wheeler then read his address. 

President Wheeler: Following the precedent which my 
predecessor in this office has established, of introducing at the 
summer convention the newlv elected president, and which 
custom he introduced because the summer convention is really 
the last meeting of the vear, I want to present to vou now my 
successor. I am not going to introduce him for just ten seconds, 
because I want to sav that I think the INsTiTUTE has taken a 
step in advance in recognizing the service of one who has shown 
great devotion to it. Gentlemen, I have the pleasure of intro- 
ducing Samuel Sheldon. 

Samuel Sheldon: The honor which is bestowed upon a man 
when he is elected to the presidencv of this INSTITUTE is so 
well recognized that an expression of appreciation seems super- 
fluous. I wish, however, to take this opportunity publicly to 
express my appreciation of numerous magnanimous offers of 
personal support and effort for the coming INSTITUTE year 
from those who were actively engaged in the interests of an- 
other candidate during the last campaign. 

The responsibilities which fall upon a president when he as- 
sumes office in this societv are great. They are increasing 
each year, and I do not believe that they are well appreciated 
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by the membership at large. With a membership of four 
thousand, growing at the rate of five hundred per year; with 
diversity of location; there is bound to be, besides a community 
of interest due to our profession, a diversitv of interest due to 
locality, and to variations in efficiency of individuals. Equably 
to distribute the activities of the INSTITUTE is no small task. 

As a national organization, representing a field of human 
activity to which our nation’s strides in civilization are to no 
small extent due, we are bound to conduct ourselves, not 
merely with honesty of purpose, but actively to assume a dis- 
interested initiative. In accepting the presidency, therefore, 
I can do no more than to promise to trv to do, to the best of 
my ability and judgment, that which others have done before 
me, and which others will do in the future—to direct the efforts 
of those engaged in INsTITUTE work so as to meet these two 
obligations toward our membership and toward our nation. 

President Wheeler: I have been asked to read the fol- 
lowing announcement: A reception for ladies and gentlemen 
will be held at 8:30 p.m. on the seventh floor of the Hotel 
Pfister. There will be music and refreshments. The members 
of the INSTITUTE and their friends are invited. 

The following papers were then presented and discussed: 


1. “ The Repulsion Induction Motor." 
2. ' Comparisons of Two- and Three-phase Motors." 


AFTERNOON SESSION. 


President Wheeler called the meeting to order at 2:40 o'clock. 
The following papers were then presented and discussed: 


3. “ Heat Tests on Alternators.” 

4. “* Direct-current Motor Design as Influenced by the Inter- 
pole." uu" | 

5. Local Organizations. (General Discussion.) 


Tuesday, May 29, 1906. 
MORNING SESSION. 


President Wheeler called the meeting to order at 9:30 o'clock 
and said: I think we shall find the present quarters more suitable | 
to the debates and easier for the speakers. The Local Com- 
mittee took a great deal of trouble in providing us with a fine 
assembly hall, a place where a large convention could be held, 
but we decided it would not be necessary for us to utilize it, 
because our meeting is not large enough. I think it would be 
proper for us to express our thanks to the Local Committee 
and to Mr. John I. Beggs, and the Milwaukee Electric Railway 
& Light Company for their use of the hall. 

P. M. Lincoln: I move that a vote of thanks be extended 
to Mr. Beggs and the Local Committee, and the traction and 
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lighting interests, which have extended to us permission to 
use the hall in which our meetings were held vesterday. 

(The motion was seconded and carried.) 

The following papers were then presented and discussed: 


6. “ Experiences with Lightning and Static Strains on 
33 000-volt Transmission Systems." 

7. " Methods of Testing Protective Apparatus." 

8. ‘ Protective Apparatus for Lightning and Static Strains.” 

9. “ Standardization Rules." (General Discussion.) 


Wednesday, May 30, 1906. 
MORNING SESSION. 


President Wheeler called the meeting to order at 9 o'clock. 
The following papers were then presented and discussed: 


us “ Shunt- and Compound-Wound Converters for Railway 
ork." 

11. " The Self Synchronizing of Alternators.” 

12. “ Magnetic Properties of Electrolytic Iron." 

13. ‘‘ Measurement of Temperature by Electrical Means." 

14. “ The Educational Value of an Electric Test-Car.”’ 

15. “ The Art of Inventing.” 

16. Local Organizations. (General Discussion.) 


President Wheeler: We are invited to go on an excursion 
this afternoon, as you know, and the time stated is 4 o'clock. 
After making careful inquiry I learn that the departure of 
the boat can be delayed until 4:30 p.m., but we must start 
at that time. That will require adjourning for the day at 
4:15. "Therefore, when we adjourn this morning we shall re- 
convene at 2:30 p.m., that will give us an hour and three-quar- 
ters to dispose of five papers. By working very hard, we shall 
have about twenty minutes for the presentation and discussion 
of each paper. . We havea letter from the Chicago Edison Com- 
pany announcing that they will be very pleased to have the 
Edison and Commonwealth Stations in Chicago visited by апу 
of our members on their return trip, and if we will let them know 
they will make up a party to escort the visitors. 


—— 


AFTERNOON SESSION. 


President Wheeler called the meeting to order at 2:35 o’clock. 
The following papers were then read and discussed: 


17. “ Economies Derivable from the Utilization of Relatively 
Small Water Powers of Low Head in the Central West." 


18. “ Some Fundamental Characteristics of Mercury Vapor 
Apparatus." 

19. Safety Devices for Steam Engines, Turbines, and Motors.' 

20. “ Electrical Connections for Power Houses." 

2]. “ Some Notes on the Lighting of Churches." 


99 
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President Wheeler: This ends the papers. As you 
know, our frends in Milwaukee have provided a very nice 
entertainment out of town for us this evening; we were 
expected to take a boat leaving at a quarter after four, but 
we Saw it was going to be impracticable to complete the reading 
of all the papers within that time, so by quite an elaborate 
series of negotiations which have been going on this afternoon 
we have arranged for two special trolley cars to take us out 
to Whitefish Bay. The cars will be ready for us in about 
twenty minutes—a quarter to five.—and we will board them at 
the corner of East Water and Wisconsin Streets, just this side 
of the bridge. We will reach Whitefish Bay at quarter before 
six, or a little earlier, and be in time for dinner. 

I think I can congratulate the INSTITUTE on the very ad- 
mirable collection of papers we have had before us at this con- 
vention. There has been a good deal said about the difficulty 
of getting papers, good ones, and it has been difficult, as I can 
testify, in years past; but we have done remarkably well this 
year, and I think the next volume of TRANSACTIONS will be very 
valuable to the engineering profession. 

I now declare the twenty-third annual convention of the 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS to be ad- 
journed 
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UNITED ENGINEERING SOCIETY BUILDING.* 


The Engineering Building structure is now enclosed, roofed 
and has the partitions in place, and the present report of prog- 
ress seems a fitting place to draw attention to features of con- 
struction which have especially impressed the writer, who has 
closely followed the erection of the building. 

Foundations were carried down in some cases 67 ft. to secure 
a hard rock footing. 

Two of these footings sustain a weight of 3 000 000 lb. each 
(in weight of structure alone), and the columns at these two 
points weigh 1 000 Ib. to the foot. 

The varied uses to which the building will be put have 
made both the design and the construction very complicated. 

The specifications, covering some 165 pages of foolscap, are 
drv reading, but attest te the fact that the architects, Herbert 
D. Hale and H. G. Morse, associate, gave much time and thought 
to the smallest detail. | 

Quite as important, however, as the drawing up the plans and 
specifications has been the thorough way in which Wells’ Brothers, 
the contractors, have carried on the construction under the 
close personal inspection of Mr. Morse. In fact, every one 
connected with the building of this home of engineering— 
architects, builders, sub-contractors, and even foremen and 
workers—have displayed a distinct pride in making it a fitting 
home for the profession. 

The societies owe much to Mr. Charles F. Scott, Past Presi- 
dent of the American Institute of Electrical Engineers, who 
has acted from the first as Chairman of the Engineering Build- 
ing Committee, and as the active member of the Building Com- 
mittee proper. Though a resident of Pittsburgh, Mr. Scott has 
made тапу trips to New York, and has devoted much time 
both to the study of plans and to watching the erection of the 
building. 


*Reprinted from the B:i-Monthly Bulletin, American Institute of 
Mining Engineers, July, 1906. 
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VIEW OF THE UNITED ENGINEERING ЅосІЕТҮ BUILDING, Nos. 2: 
West 39TH Sr., New YORK City, TAKEN JuLy З, 1906. 
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The accompanying photograph was taken July 3d. It shows 
the imposing character of the building, and the fact that the 
treatment of the side walls is in harmony with the front facade 
makes it one of the most noteworthy buildings in New York. 
All four sides are constructed of hydraulic-pressed, gray mot- 
tled brick, with limestone and terra-cotta trimmings. The in- 
terior construction is of the most substantial character, and the 
fire-risk has been reduced to the lowest limit. The floors are 
of 6-in. segmental semi-porous terra-cotta, overlaid with 5-in. of 
cinder-concrete. All furring and soffit tiles are 2-in. thick, and 
cover every beam and girder. An additional fire-protection is 
afforded by a metal-lath type of ceiling suspended 2 in. below 
the floor-beams. 

No wooden floors will be used except in lecture-rooms, and 
all window frames and cases аге metal or metal covered. Ex- 
posed windows up to 100 ft. are fitted with wire glass, as are 
also the elevator -grills. 

The auditorium апа lecture halls are equipped with hot and 
cold water outlets on the stage, compressed air and electrical 
conduits for high and low potential currents for demonstration 
work. There are also. exhaust hoods for chemical work. In 
these rooms the lighting is entirely by concealed electric lamps. 
In the offices, the ceilings are panelled with an electric-wire 
moulding of special design, which permits tapping in of lights 
at any point. 

The report of progress, July 7, 1906, is as follows:— 

1. All structural work completed. 

2. All floors and partitions in place, finished plastering un- 
derway. | 

3. All risers—water, steam, electric, etc.—in place. 

4. All stairways in place. 

5. Elevators running or in place. 

6. Boilers all set. 

7. Some windows ready to be set in. 


THEODORE DWIGHT, 
Engineering Building Committee. 


APPLICATIONS FOR ELECTION. | 


Applications have been recéived by the Secretary from the 
following candidates for election to the INSTITUTE as Associates. 
These applications will be considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before September 
28, 1906. 


5263 John B. Adams, Brooklyn, N. Y. 
5264 Otto Starzinger, St. Louis, Mo. 
5265 Elbert B. Tuttle, Pittsburg, Pa. 
5266 Samuel E. Gates, Schenectady, N. Y. 


5267 
5268 
5269 
5270 
5271 
5272 
5273 
5274 
5275 


Clarence E. Churchill, 
Edwin S. Northrup, 
Thomas A. Worcester, 
Eivind A. Aspnes, 
James A. Barkley, 
John S. Dean, 

Albert S. Wilson, 
Leon H. Scherck, 
Oskar Friedrich, 


W. Lynn, Mass. 
Brooklyn, N. Y. 
Schenectady, N. Y. 
Montevideo, Minn. 

Port Elizabeth, S. Africa. 
Wilkinsburg, Pa. 
Munhall, Pa. 

New York City. 

New York City. 


5276 Paul E. Mitchell, Knoxville, Tenn. 
5277 Arthur E. Holman, Wilkinsburg, Pa. 
5278 Edward J. O'Beirne, Atlanta, Ga. 

9 Latta W. Porter, Cincinnati, O. 


Lewis C. Randolph, 


Chicago, Ill. 


5281 John F. Tritle, Schenectady, N. Y. 
5282 Joseph B. Crane, Schenectady, N. Y. 
5283 William Corin, Launceston, Tasmania. 
5284 Frederic A. Coolidge, Jr., Yonkers, N. Y. 


5 Ray Flagg, 


St. Louis, Mo. 


5286 George I. Kinnev, San Francisco, Cal. 
5287 Samuel W. Mauger, Schenectady, N. Y. 


Waclaw M. Pogerrelski, 


Pittsburg, Pa. 


5289 
9290 
5291 
5292 
5293 
5294 
5295 
5296 
5297 
5298 
5299 
5300 
5301 


Homer W. Read, 
William C. M. Ryan, 
Fleming J. Rigney, Jr., 
Christian C. Stauffer, 
Herbert P. Tewksbury, 
Ray P. Jackson, 
Walter Kent, 

William J. Lester, 
William F. Mescheumoser, 
Walter D. Whitney, 
Lawrence B. Philpot, 
Thomas J. Yates, 
Robert E. Huthsteiner, 


Total, 39 


Seattle, Wash. 
Manila, P. I. 
Bessmay, Texas. 
Colon, Rep. de Panama. 
Denver, Colo. 
Wilkinsburg, Pa. 

Ft. Wayne, Ind. 
Fredonia, N. Y. 
Hoboken, N. J. 
Minneapolis, Minn. 
Vancouver, B. C. 
Salt Lake City, Utah. 
Schenectady, N. Y. 
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Atlanta............ 
Jan. 19 '04 


Pittsfield........ 
Mar. 25, '04 


San Francisco..... 
Dec, 23 ‘04 


Cincinnati ......... 


Dec 17, ‘02 


Chairman. 


Kempster B. Miller. 


Edward P. Burch. 


S. P. Grace. 


H. H. Humphrey. 


D. B. Rushmore. 


W. C. L. Еріп. 


C. A. Adams. 


E. B. Rosa. 


R. G. Black. 


F. L. Sessions. 


C. E. Magnusson. 


A. M. Schoen. 


.. .|C. C. Chesney. 


J. B. Whitehead. 


Secretary. 


H. R. King. 


Barry Dibble. 


Theodore Varney. 


A. S. Langsdorf. 


E. E. F. Creighton 


H. F. Sanville. 


H. D. Jackson. 


Philander Betts. 


R. T. Mackeen. 


H R. Allensworth. 


W. S. Wheeler. 


W. R. Collier 


H. H. Barnes, Jr. 


C. G. Edwards. 


A. H. Babcock. 


L. Lowenberg. 


Branch Meets. 


Ist Tuesday after 
N. Y. meeting. 


lst Friday after 
М. Y. meeting. 

2d Tuesday. 

2d Wednesday, 

2d Wednesday. 

2d Monday. 

lst Wednesday. 

Ist Thursday. 

2d Friday 


2d & 4th Mondays- 


2d Tuesday: 


3d Thursday 


2d Friday. 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Branches Organized. Chairman. Secretary. Branch Meets. 
UNIVERSITY 
BRANCHES. 

Cornell University...|E. L. Nichols. H. H.Norris. Ist Friday after 
Oct. 15, '02 New York meeting. 

Lehigh University.. .|Wm. S. Franklin. William Esty. 3d Thursday. 
Oct. 15, '02 

Univ. of Wisconsin. .|H. H. Scott. George C. Shaad. Every Thursday. 
Oct. 15, '02 

Univ. of Illinois..... W. H. Williams. Morgan Brooks. 
Nov. 25, '02 

Purdue University... |C. P. Matthews. J. W. Esterline. Every Tuesday. 
Jan. 26. '08 

lowa State College. .|F. A. Fish. Adolph Shane. Ist Wednesday. 
Apr. 15, '03 

Worcester Poly- |А. P. Chapman. A. T. Childs. 

technic Institute... 

Mar. 25, ‘04 

Syracuse University.;W. P. Graham. W. P. Graham. Ist and 3d Thurs- 
Feb. 24, '05 days. 


STUDENT MEETINGS 


Ohio State Univ..... H C. Bartholomew. |F. E. Beutler. Every Tuesday 
Dec. 20 '02 evening. 

Penn. State College. .|C. L. Christman. H. L. Frederick. Every Wednesday. 
Dec. 20, '02 

Univ. of Missouri... .|H. B. Shaw. D. W. Richards, Ist and 3d Friday. 
Jan. 10, '03 

Armour Institute... |С. E. Freeman À C. E. Freeman. 3d Monday. 
Feb. 26, '04 

Washington Univ...|A. S. Langsdorf. G. L. Evans. Ist Wednesday. 
Feb. 26, ‘04 

Univ. of Michigan... |G. W. Lamke. C. S. Kennedy. Ist and 3d Wed- 
Маг. 25 ‘04 nesdays. 

Univ. of Arkansas.. .|W. ЇЧ. Gladson. L. S. Olney. Ist & 3d Tuesdays. 
Mar. 25, ‘04. 

Univ. of Colorado. . . A. J. Forbess. 


Dec. 1f, '04 
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OFFICERS AND BOARD OF DIRECTORS, 1905-1906. 


PRESIDENT. 
Term expires 1906. 


SCHUYLER SKAATS WHEELER, 
Ampere, New Jersey. 


' | ' JUNIOR PAST-PRESIDENTS, 


BION J. ARNOLD, 


1541 Marquette Bldg.. Chicago, Ш. 


JOHN W. LIEB, JR., 


55 Duane St., New York, N. Y. 


VICE-PRESIDENTS. 


Tous expires 1906. 


J. J. C 
W. E. GOLDSBOROUGH, 


18 Co З-ДУ St., New York. N. Y. 
43 Exchange Pl., New York, N. Y. 


SAMUEL REBER 


War се Washington, D. 


Term expires 1907, 


CHARLES A. TERRY 


111 Broadway, New York, N.Y. 


TOWNSEND WOLCOTT, 


39 Whitehall St., New York, М.Ү. 


САКО S. DUNN, 


Ampere, New Jersey. 


NUR AGERS, 
Term expires 1906, 


SAMUEL SHELDON, 


Polytechnic Institute, Brooklyn, М.Ү. 
. А, Н. ARMSTRONG, 


GEORGE F. SEVER, 


Columbia University, New York, N .Y. 


W. C. L. EGLIN, 


10th and Sansom St., Philadelphia, Pa. 
Schenectady, N. Y. 


Term expires 1907. 


C. O. MAILLOUX, 
76 William St., New York, N. Y. 


HENRY G. STOTT 


59th St. and North River, New York, N. Y. 


J.G. W 


HITE, 
43 Exchange PL, New York, N. Y. 


LOUIS A. FERGUSON, 


139 Adams St., Chicago, Ш. 


Term expires 1908. 


CUMMINGS C. CHESNEY, 
Pittsneld, Mass. 


BANCROFT GHERARDI, 


81 Willoughby St., Brooklyn, N. Y. 


TREASURER. 


CALVERT TOWNLEY, 


New Haven, Conn. 


CHARLES L. EDGAR, 


70 State St., Boston, Mass. 


SECRETARY 


Term expires 1906, 


GEORGE_A. HAMILTON, 


463 West St., New York, N. Y. 


RALPH W. POPE, 
95 Liberty St., New York, М.Ү. 


PAST-PRESIDENTS, 


NORVIN GREEN, 1884-5-6. 
FRANKLIN L. POPE, 1886-7. 


T. COMMERFORD MARTIN, 1887-8. 


EDWARD WESTON, 1888-9. 
ELIHU THOMSON, 1889-90. 
W. A. ANTHONY, 1890-91. 
ALEX. GRAHAM BELL, 1891-2. 
FRANK J. SPRAGUE: 1892-3. 


-= J. W. LIEB, JR., 


EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 
FRANCIS B. CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 
CARL HERING, 1900-1901. 
CHARLES P. STEINMETZ., 1901-2. 
CHARLES F. SCOTT, 1902-3, 
BION J. ARNOLD, 1903-4, 
1904-5. з 


GENERAL COUNSEL. . 


PARKER and AARON, 
52 Broadway, New York. 
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STANDING COMMITTEES. 
(Required by Constitution, President must fill.) 


EXECUTIVE COMMITTEE, 
(Officers Ex-Officio and four Directors.) 
SCHUYLER SKAATS WHEELER Chairman. 
JOHN J. CARTY. SAMUEL SHELDON 
С. О. MAILLOUX, САКО 8. DUNN: 4 
GEORGE A. HAMILTON. RALPH W. POPE. 


EDITING COMMITTEE. 
(One Director and two others.) 
RALPH W. POPE, Chairman pro tem. 
COMMITTEE ON FINANCE. 
(Three Directors.) 
JOHN J. CARTY, Chairman. 
HENRY G. STOTT, J. G. WHITE. 
COMMITTEE ON PAPERS, 
(One Director and four others.) 


SAMUEL SHELDON, Chairman. 
P. A. C. PERRINE. HENRY G. STOTT. 
BANCROFT GHERARDI, HENRY A. LARDNER. 


BOARD OF EXAMINERS, E 
(One Director and four others: all full Members.) E a 


WILLIAM MAVER, Jr., Chairman. 


CUMMINGS C. CHESNEY. LEWIS B. STILLWELL: 
HENRY A. LARDNER, TOWNSEND WOLCOTT. 
LIBRARY COMMITTEE. 
(One Director and four others.) 
WILLIAM D. WEAVER, Chairman. 
WM. J. JENKS. Р. W. ROLLER. 
P. A. PATTISON CHARLES A. TERRY. 


SPECIAL COMMITTEES. 
(Appointed by Board of Directors.) 


REPRESENTATIVES ON UNION ENGINEERING BUILDING COMMITTEE 
and TRUSTEES OF UNITED ENGINEERING SOCIETY. 
CHARLES F. SCOTT. BION J. ARNOLD. 
JOHN W. LIEB, Jr. 


EDISON MEDAL COMMITTEE. 
JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 75. 
CHARLES S. BRADLEY. WM. HAND BROWNE, yu. eee 


CHARLES L. CLARKE. | HENRY L. DOHERTY. БОЛ 
CHARLES L. EDGAR. . GEO, A. HAMILTON.  ,.4 

JOHN F. KELLY. SAMUEL REBER. 

T. COMMERFORD MARTIN. FRANK J. SPRAGUE. 


CHARLES F. SCOTT. TOWNSEND WOLCOTT. 
HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD, JOHN FRITZ MEDAL 


CHARLES Р. SCOTT. JOHN W. LIEB Jr. 
BION J. ARNOLD. SCHUYLER SKAATS WHEELER. 


‘SPECIAL COMMITTEES. 
(Such Committees as the President may decide to appoint.) 


.COMMITTEE ON LAW, OR WE x 
C. O. MAILLOUX, Chairman. 
CHARLES A. TERRY. RALPH W. POPE. 
JOHN J. CARTY. JOHN W. LIEB, Jr. 
BUILDING FUND COMMITTEE. 
T. COMMERFORD MARTIN, Chairman. 


J. C. BARCLAY. FRANCIS W. JONES. 

JOHN J. CARTY. JOHN W. LIEB, Ја. 

CHARLES L. EDGAR. FRANK J. SPRAGUE. ` * 
J. Ө. WHITE. 


STANDARDIZATION COMMITTEE, 


FRANCIS B. CROCKER; Chairman. . 
ARTHUR E. KENNELLY, Secretary. 


HENRY 8. CARHART. ROBERT B. OWENS. 
JOHN W. LIEB. Jr. CHARLES Р. SCOTT. 

С. О. MAILLOUX. | |. CHARLES P. STEINMETZ. 
HENRY G. STOTT S. W. STRATTON. 


NATIONAL ELECTRIC CODE COMMITTEE, 
FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 
JOSEPH C. FORSYTH. Н. A. SINCLAIR. 
CHRIS. M. GODDARD. ARTHUR WILLIAMS. 
С. J. Н. WOODBURY. > 


‚ ' COMMITTEE ON FOREST PRESERVATION. 


Р. А.С. PERRINE, Chairman. P. G. GOSSLER. 
H. A. FOSTER. HENRY A. PRESSEY. 
W. P. JUDSON. CHARLES E. WADDELL. 


LOCAL ORGANIZATION COMMITTEE. 


CHARLES F. SCOTT Chairman. 
H. H. NORRIS. | . CALVIN W. RICE. 
PAUL SPENCER. HENRY G. STOTT. 


LOCAL HONORARY SECRETARIES. 


JAMES S. FITZMAURICE, WM. B. HALE, 
210 George St., Sydney N. S. W. Arco de San Agustin 8, City of Mexico 
H. P. PARSHALL, CLARE Р. BEAMES, 
Salisbury House, London Wall E.C., London. [for Porto Rico and West Indies. 
uan, 
ROBERT B OWENS, W. G. T. GOODMAN, 


McGill University, Montreal P. Q. Durredin, New Zealand. 
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Local Secretaries. 


BARRY. DIBBLE. ©... |. 
‘1317 Sommit Ave., 


St. Paul, Minn. 


D. W. RICHARDS, 
University of Missouri, 


Columbia, Mo. 


-А. S. LANGSDORP, 
Engineers' Club 
St. Louis, Mo. 
THEODORE VARNEY, 
Westinghouse E. & M. Co., 
East Pittsburg, Pa. 


H. D. JACKSON, 
83 Newbury Street 


Boston, Mass. 


R. T. MACKEEN, | 
. 14 King Street, 


Toronto, Ont. 


H. R. . ALLENSWORTH, 
5 . Engineers' Club, 
Columbus, O. 


GEORGE C. SHAAD, 
Е University of Wisconsin, 
Madison, Wis. 
.H. Р. SANVILLE, 
710 Girard Trust Bldg., 
Philadelphia, Pa. 


A. J. FORBESS, 
University of Colorado, 
| Boulder, Col. 
ADOLPH SHANE 
Iowa State College, 
Ames, Iowa. 
H. R. KING, 
Western Electric Co., 
H. L. FREDERICK, 
Pennsylvania State College, 


. State College, Pa. 


H. H. NORRIS, 


Sibley College, Cornell University, ` 


Ithaca, N. Y. 
WILLIAM ESTY, 
Lehigh University, 
Bethlehem, Pa 
LAURENT LOWENBERG, 
Bullock Elec, Mfg. Co. 
Cincinnati, O 


DES E. ‘BEUTLER, . CU sys 
: Ohio State University, 
Columbus. O. 


J. W. ESTERLINE, . 
Purdue University, 
‘Lafayette, Ind. 


. MORGAN BROOKS, 


University of Illinois, : 
Urbana, Ill. 


CHARLES G. EDWARDS, 
Electrical Commission, : 
City Hall, Baltimore, Md. 


E. E. CREIGHTON, 


General Electric Co., 
Schenectady, N. Ү. 


PHILANDER BETTS, 


* The Northampton,” 
Washington, р. C. 


W. R. COLLIER, 
230 Lawton Street, i 
Atlanta, Ga. 


W. S. WHEELER. 
3120'East Union St., 
Seattle, Wash. 


C..E. FREEMAN, 
Armour Inst. of Technology, 
Chicago, Ill. 


A. T. CHILDS, 
Worcester Poly. Inst., 
Worcester, Mass. 


G. L. EVANS, 

Washington University, | 
, 2 St. Louis, Mo. 
L. S. OLNEY, 


University of Arkansas, 
Fayetteville: Ark. 


C. S. KENNEDY, 
University of Michigan, 
Ann Arbor, Mich. 


H. H. BARNES Jr., 
Stanley-G I. Elec, Mfg. Có;, 


Pittsfield. Mass. 
A. H BABCOCK, 


1216 Webster Street, 
Oakland, Cal. 
W. P. GRAHAM, 
Syracuse University, 
Syracuse, N. Y 


UNITED ENGINEERING SOCIETY BUILDING. 


The exterior view of the United Engineering Society building, 
accompanied by a general statement of its condition in July 
by Theodore Dwight, were given in the last issue of the Pro- 
CEEDINGS. The work of interior finishing is now progressing 
rapidly. The plastering is nearly completed and the marble 
and terrazzo work is well under way. The interior woodwork, 
of which there is relatively little, is now being put in place. 

The entire work is moving smoothly and rapidly. 

Contracts for seating in the lecture rooms and auditoriums. 
and also for shades, electric,fixtures, and miscellaneous furni- 
ture, have been given out with promise of early delivery. 

As the building takes on its final form, the appearance of the 
various auditoriums, meeting rooms, ofhce floors, and library 
gives even greater assurance of adequately meeting their pur- 
poses than did the drawings and plans. One is especially im- 
pressed with the crowning feature, the library. 

It is immediately incumbent upon the Societies to determine 


upon the arrangement and provide for the furnishing of their’ 


respective office floors. Provision is made not only for con- 
ducting the ordinary functions of the Secretary's office, but also 
for adequate reception and reading rooms for the convenience of 
members, a feature which will be especially appreciated by mem- 
bers from a distance who are visiting New York. 

It is likewise important that the Societies make immediate 
arrangements for the placing of their libraries in the new build- 
ing, and for the administration of the joint library. 


Cuas. F. Scorr, 
The Engineering Building Committee. 
SEPTEMBER 15, 1906. | 
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LOCAL ORGANIZATIONS. 


Particular attention is called to the discussion regarding 
Local Organizations which took place at the Milwaukee Con- 
vention, which appears in this issue of the PROCEEDINGS. 

The conditions are auspicious for a prosperous year. The 
conference between the INsTITUTE officers and representatives 
of the Branches which took place at Milwaukee gives promise 
of a closer relationship and coóperation between the manage- 
ment of the INSTITUTE and the Branches. | 

It is generally recognized that, while the management of thc 
INsTiTUTE may supply the opportunity and give valuable aid 
and assistance, yet the real life of a Branch must come from 
the spirit and efforts of its own members. 

One of the essential features of a successful year is a good 
start. The affairs of the Branch should be in the hands of men 
who are competent and active. The work in many cases has 
been advantageously apportioned to different members of the 
Local Committee, each having in charge the programs for cer- - 
tain evenings, or otherwise dividing the work. If a brief pros- 
pectus of the plans for the year be printed and placed in the hands 
of members and others interested, it will be helpful. 

The Schenectady Branch has already issued such a prospectus 
for the coming season, giving a general statement, which in- 
cludes a course of weekly lectures on electrical and allied sub- 
jects and meetings for the discussion of the current proceedings 
of the national body and the presentation of original papers. 
A statement is made with regard to the conditions of the Branch 
membership and membership in the IwsTiTUTE. There is 
also a list of committees and officers and a partial list of those 
who will contribute to the lecture ccurse. 

The foregoing method may not be suitable in other places, 
but the plan of laying out the schedule of work for the year and 
making definite and prompt announcement of it is one which 
can well be followed by other Branches. 

Professors of electrical engineering will do well to arrange 


8 


their courses of Branch meetings early in the year, and call the 
attention of their students to the Student privileges offered by 
the Institute. The number of INSTITUTE students given in 
the last directory is 647, which is equal to about one-sixth of 
the regular membership. The commendation which is given 
to student meetings by a number of our leading professors who 
have interested themselves in the progress of this work gives 
ample assurance as to its value. 

In looking over the Journal of the Institution of Electrical 
Engineers, I‘have been struck by the very considerable propor- 
tion which is taken up by contributions from the Local Sections. 
The papers from the sections (which are usually printed in con- 
densed form) constitute about three-quarters of the total 
number of papers presented. The inaugural addresses of the 
chairmen of the Local Sections, which appear in abstracts 
covering four or five pages, constitute an important feature of 
the Journal. The precedent is one which is worthy of our best 
consideration. . If our English friends find that so substantial 
a proportion of their Journal is secured through local meetings, 
we may by similar means increase the value of our own PRo- 
CEEDINGS and TRANSACTIONS. 

The Chairman of the retiring Local Organization Committee 
extends his best wishes to the Branches and to the incoming 
Committee in the endeavor to promote what he believes to be 
one of'the most important and potent departments of the 
INSTITUTE. 

Cuas. F. Scott, 
Chairman Local Organization Committee. 

SEPTEMBER 15, 1906. 


SCHENECTADY BRANCH. 


PROSPECTUS OF LECTURE COURSE, SEASON 1906-7. 


The Schenectady Branch of the AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS announces a course of weekly lectures 
on electrical and allied subjects to be given during the season 
1906-7. The lectures will be held in some suitable and con- 
venient hall, a large number of interesting and authoritative 
speakers have already been О апа ко with orhan 
are now in progress. | | 

Saturday evenings have been selected as the dmg for the 
lectures. One Friday evening each month will be set: aside 
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for the regular monthly meeting of the Branch when ọppor- 
tunity will be given to discuss the current proceedings of the 
national body: and present original papers. No lecture or 
‘meeting will,be held on the Saturday evening of that week. 
Announcement will be made later of lecture dates for the re- 
maining Saturday evenings. | 
It 1s intended to increase the value of the lectures by stim- 
ulating discussion among members of the Branch. Each 
meeting will include a general, informal discussion of the lecture 
or paper presented,.and active participation in these discussions 
is expected from all members. Members of the Branch, not 
.also Members or Associates of the AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS, who take a conspicuous interest in the 
work of the Branch either by valuable contributions to the dis- 
cussions or otherwise, will be rewarded by having their expenses 
paid to the New York meetings of the INsTiTUTE. It is hoped 
that several members may be selected each month for these free . 
trips to New York. 


| Dues. 

There is no initiation, fee. 

Dues for full Branch membership ` ‘including all ТЕРЕ 
(for those not Members. or Associates of the INSTITUTE), two 
dollars per year. 

Special student Branch авна open only to теп in the 
G. E. Testing Dept., the “American Locomotive Testing Dept., 
and Union College, but entitling holder to the same advantages 
as full Branch membership, one dollar per year. 

All Members and Associate Members of the AMERICAN INsTI- 
TUTE OF ELECTRICAL ENGINEERS living in or near Schenectady, 
are cordially invited to affiliate themselves with the Branch. 
No dues or fees are required from them to join. 


COMMITTEES. 


The Chairman is a member ex-officio of all committees. 

Advisory—C. P. Steinmetz, A. L. Rohrer, H. G. Reist and 
E. H. Anderson. | 

Meetings and Papers—E. E. F. Creighton, A. L. Rohrer, 
H. E. White and W. C. Andrews. 

Reception and Refreshments—H. L. Smith, E. W. Allen, J. J. 
Frank, J. B. Crane, C. H. Wheeler. | 

Membership—E. B. Merriam, J. B. Crane, C. H. Hill, V. E. 
Goodwin and J. T. Flickinger. 


10 


Administrative—D. B. Rushmore, Н. L. Smith, E. E. Р. 
Creighton and A. S. Kappella. 

Those wishing to join the Branch or desiring further informa- 
tion are requested to notify Mr. E. B. Merriam, Bldg. 4, General 
Electric Company, or to communicate with any member of the 
Membership Committee. As the fiscal year commences in 
October, early application for membership is important. 


OFFICERS. 

Honorary chairman, C. P. Steinmetz; Chairman, D. B. Rush- 
more; first Vice-chairman, E. H. Anderson; second Vice-chair- 
man, Н. L. Smith; Corresponding Secretary, E. E. F. Creighton; 
Assistant Corresponding Secretary, W. C. Andrews; Recording 
Secretary, E. W. Allen; Treasurer, A. S. Kappella; Librarian, 
H. E. White. . 


PARTIAL List OF ENGINEERS AND OTHERS WHO WILL SPEAK IN 
THE LECTURE COURSE. 

Dr. E. W. Rice, Jr., Dr. C. P. Steinmetz, Professor Elihu 
Thomson, W. P. Potter, W. S. Moody, W. L. R. Emmet, E. M. 
Hewlett, P. T. Hanscom, E. J. Berg, E. H. Anderson, C. W. Stone, 
S. T. Dodd, H. G. Reist, H. F. T. Erben, J. B. Taylor, A. H. 
Armstrong, E. E. Gilbert, W. I. Slichter, C. D. Haskines, S. A. 
Moss, Richard Rice, W. S. Andrews, C. S. Bradley, H. W. 
Hillman, H. E. Summerhayes, F. H. Newell, H. G. Stott, W. S. 
Barstow, H. W. Buck, F. O. Blackwell, E. A. Acheson, W. M. 
White, S. D. Sprong. 
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APPLICATIONS FOR ELECTION. 


Applications have been received by the Secretary from the 
following candidates for election to the INsTITUTE as Associates. 
These applications will be considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting to the election of any of 
these candidates should so inform the Secretary before October 


26, 1906. 


5302 Wilfrid J. B. Drew, 
5303 Leonard J. Lease, 
5304 Arthur L. Abbott, 
5305 Stuart W. Cramer, 
5306 Albert E. Park, 

5307 Ernest LeR. Wallace, 
5308 Hugo Altmayer, 


5309 Rolland McC. Heskett, 


5310 Hartwell Jalonick, 
5311 John L. Dickson, 
5312 Russell G. Cory, 
5313 George B. Rodgers, 
5314 George L. Pratt, 
5315 Ruben A. Lundquist, 
5316 Carl McCoy, 

5317 Richard C. Powell, 
5318 Frederick A. Otto, 
5319 John F. Shoemaker, 
5320 Ernest C. White, 
5321 Charles R. Scott, 
5322 Ernest A. Claremont, 
5323 Thorndyke Harvey, 
5324 Jens Bache- Wig, 
5325 Albert L. Ash, 

5326 George T. Bush, 
5327 Charles C. Cokefair, 
5328 Abe Hussey, 

5329 Benjamin D. Foot, 


Toronto, Ont. 
Chicago, Ill. 
Minneapolis, Minn. 
Charlotte, N. C. 
Des Moines, Iowa. 
Chicago, Ill. 

San Francisco, Cal. 
Schenectady, N. Y. 
Schenectady, N.Y. 
Mount Union, Pa. 
Montclair, N. J. 

St. Louis, Mo. 
Atlanta, Ga. 
Canyon Ferry, Mont. 
Spokane, Wash 
Spokane, Wash. 
St. Paul, Minn. 


Madison, Wis. 


Winnipeg, Canada. 
Winnipeg, Canada. 
Manchester, Eng. 
Chicago, Ill. 
Wilkinsburg, Pa. 
Philadelphia, Pa. 
Atlanta, Ga. 
Duluth, Minn. 
New York. 
Schenectady, N. Y. 


5330 Charles F. Gardner, Belfast, Me. 

5331 Walter S. Hart, Chicago, Ill. 

5332 W. G. Rauch, Atlanta, Ga. 

5333 William A. DelMar, New York City. 

5334 Thomas Farmer IV, Albany, N. Y. 

5335 Leon M. Wright, mE .. San Francisco, Cal. 
.. Total, 34. 


APPLICATIONS FOR TRANSF ER FROM ASSOCIATE TO 
MEMBER. 


Any object’ on to these transfers should be i. at once with the 
i Secretary. . 


Recommended for transfer by the Board of Examiners, September. 14, 
1906. 


ARMIN HENRY PIKLER, Engineer in charge of Transformer 
Department, Crocker-Wheeler ey Ampere, New 
Jersey. : 

Отто MARTIN КАП, General Superintendent Electric Lighting, 
and Chief Electrician, Milwaukee, Wisconsin. 

WARREN Ray THOMPSON, Engineer, British Westinghouse Elec. 
& Mfg. Co., Trafford Park, Manchester, England. 
ARTHUR Bowers STITZER, Electrical Engineer, Philadelphia 

Rapid Transit Company, Philadelphia, Pa. : 

ARTHUR THOMAS CooPER, Professional Electrical Engineer, Bom- 
bay Electric Supply & Tramways Со. Ltd., Ponpa; India. 

Tuomas НЕ$кЕТН, Folkestone, England. 

ALLEN Harwoop BaBcock, Electrical Engineer, байаһ@ Cali- 
fornia. 

HERBERT C. Wirt, Chief Engineer, Supply ТАТ General 
Electric Company, Schenectady, New York. 

Harry GUTHRIE SPAIN, Chief Electrician to Post Office and 
Government of British Gutana, South America. 

THEODORE HANAMANN SCHOEPF, Assistant Engineer, British 
Westinghouse Elec. & Mfg. Co., Ltd., London, England. 

SEBASTIAN ZIANI DE FEeRRANTI, Electrical Constructor, Hamp- 
stead, London, England. 

JoHN FRANCIS CLEVERTON SNELL, Chief Electrical and Tram- 
ways Engineer to the Corporation of. Sunderland, Town 
Hall, Sunderland, England. | ‘ 


1B. 


Recommended for transfer by the Board -of ЕЕ 20, 
COEPI ae ree 1906. wo 

Аго1в Joni Jássen PrEiFER] Electrical Engineer, Calcutta 
Tramways Co., Ltd., Caleutta, India. 

Harry LEPPER KIRKER, A A Department, W. E. & M. 
Co., Pittsburg, Penn. | 

RoBERT HAMMOND, Consulting! Engineer, 64 Victoria Street, 
Westminster, London, pues 

ÁRTHUR WILLIAM BERRESFORD, General Manager The Cutler- 
Hammet Mfg. Company,, Milwaukee, Wisconsin. 
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LOCAL ORGANIZATIONS—DIRECTORY. 


Branch Meets. 


BRANCHES. 


Ist Tuesday after 


1893 N. Y. meeting. 

Minnegota......... Ist Friday after 
Apr. 7, ‘02 М. Y. meeting 

Pittsburg.......... Theodore Varney. 2d Tueeday. 
Oct. 13 ‘02 

$t. Louls...........4H. Н. Humphrey. A. 8. Langsdorf. 2d Wednesday. 
Jan. 14, ‘03 

Schenectady..... ...{D. B. Rushmore. E. E. F. Creighton. 2d Wednesday 
Jan. 26, ‘03 

Philadeiphia...... Н. Р. Sanville. 2d Monday. 
Feb. 18 ‘03 

Bostoa H. D. Jackson. Ist Wednesday. 


Feb. 13, ‘03 


Philander Betts. 1st Thursday. 


Apr. 9 '03 

Тогоаѓо............ К. Т. MacKeen. 2d Friday. 
Sept. 30 ‘03 

Columbus...... РР Н R. Allensworth. 2d & 4th Mondays. 
Dec. 20, ‘03 

Seattle ооео · 2d Tuesday: 


jan, 18,08 


H. H. Barnes, Jr. 
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LOCAL ORGANIZATIONS—DIRECTORY.—Continued. 


Oct. 15, ‘02 


Univ. of Iilinois.....|W. Н. Williams. 


Nov. 25, '02 


Purdue University.. .|C. P. Matthews. 


Jan. 26, '08 


lowa State College. .|F. A. Fish. 


Apr. 15, '03 


Worcester Poly- 
technic Institute... 
Mar. 25, '04 


A. P. Chapman. 


Syracuse University.|W. P. Graham. 


Feb. 24, '05 


STUDENT MEETINGS 


Ohio State Univ..... 
Dec. 20 '02 


Penn. State College. . 
Dec. 20, '02 


Univ. of Missourl.... 
Jan. 10, '03 


Armour Iastitute.... 
Feb. 26, '04 


Washington Univ... 
Feb. 26, '04 


Univ. of Michigan... 
Mar. 25 '04 


H. C. Bartholomew. 


C. L. Christman. 


H. B. Shaw. 


C. E. Freeman. 


A. S. Langsdorf. 


G. W. Lamke. 


Univ, of Arkansas.. .|W. N. Gladson. 


Mar. 25, '04. 


Univ. of Colorado... 
Dec. 16, '04 


Morgan Brooks. 


J. W. Esterline. 


Adolph Shane. 


A. T. Childs. 


W. P. Graham. 


F. E. Beutler. 


H. L. Frederick. 


D, W. Richards, 


C. E. Freeman. 


G. L. Evans. 


C. S. Kennedy. 


L. S. Olney. 


A. J. Forbess. 


Branches Organized. Chairman. Secretary. Branch Meets. 
UNIVERSITY 
BRANCHES. 
Cornell University...|E. L. Nichols. H. H.Norris. ist Friday after 
Oct. 15, '02 New York meeting, 
Lehigh University.. .| Wm. S. Franklin. William Esty. 3d Thursday. 
Oct. 15, '02 | 
Univ. of Wisconsin. .|H. Н. Scott. George C. Shaad. Every Thursday. 


Every Tuesday. 


Ist Wednesday. 


Ist and 3d Thurs- 
days. 


Every Tuesday 


evening. 
Every Wednesday. 
Ist and 3d Friday. 
3d Monday. 
Ist Wednesday. 
Ist and 3d Wed- 


nesdays. 


Ist & 3d Tuesdays. 
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Progress. 


THE INsTITUTE has never been stag- 

nant, even if it has occasionally 
drifted. Twenty years ago it was but a 
young and humble follower in the wake 
of the other national engineering socie- 
ties. The profession of electrical engi- 
neering was scarcely recognized. The 
assertion that an electrical engineer was 
nine-tenths mechanical, was accepted as 
a truism. If that statement was true 
when it was made, to-day the remaining 
tenth might be considered civil engineer- 
ing, and behold, the electrical engineer 
would be eliminated. How to make the 
INSTITUTE of the highest value to the in- 
dividual member, has been the problem 
continually confronting the manage- 
ment. The first and most important 
efforts in this direction were made in 
1887, when monthly meetings were es- 
tablished, followed immediately by the 
monthly issue of the TRANSACTIONS in 
addition to the annual bound volume. 
This practice has continued without in- 
terruption. With an international mem- 
bership exceeding 4000 and rapidly 


NOTES AND COMMENTS. 1 


growing, it is believed that the monthly 
PROCEEDINGS should be utilized for a 
more general interchange of information 
regarding the work of the INSTITUTE. 
To meet these conditions, not only 
wil the coóperation of the local or- 
ganizations be required, but individual 
members wherever situated will be ex- 
pected to assist in any manner which 
they may prefer. How this may be 
done will be apparent, as the work of 
development proceeds. The first re- 
quirement is that the PROCEEDINGS 
should be read. To meet this desider- 
atum the publication itself should be 
made of sufficient interest to entice the 


owner to remove it from the envelope. 


Proposed New Constitution. 


HE failure of the new Constitution 
drafted by the Law Committee and 
revised by the Board of Directors to be- 
come adopted last year, was due, it is 
well known, to the fact that a sufficient 
number of members failed to vote on its 
adoption. The total number of votes 
cast was 1668, of which 1507 were in 
favor of and 161 were against adoption. 
Had all the members voted, and had 
the vote been in the same proportion, 
the ''Proposed Constitution” would 
have been adopted. 

The newly appointed Law Committee 
is preparing to make another attempt 
to secure the adoption of a revised Con- 
stitution during the present administra- 
tion year. To obviate the criticism 
made last year, that the Law Committee 
was com ^zosed wholly of New York mem- 
bers, the majority of the Law Committee 
this year has been selected from the 
membership outside of New York City. 
The Proposed Constitution, as submit- 
ted to the members last. vear, together 
with the existing Constitution, will form 
the basis of the deliberations of the 
Law Committee this season. Copies of 
these will be sent by the Secretary, upon 
request. 

Numerous suggestions were received 
last year in response to the request of 
the Committee. Weekly meetings were 
held during a period of three months, 
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wil the coóperation of the local or- 
ganizations be required, but individual 
members wherever situated will be ex- 
pected to assist in any manner which 
they may prefer. How this may be 
done will be apparent, as the work of 
development proceeds. The first re- 
quirement is that the PROCEEDINGS 
should be read. To meet this desider- 
atum the publication itself should be 
made of sufficient interest to entice the 
owner to remove it from the envelope. 


Proposed New Constitution. 


HE failure of the new Constitution 
drafted by the Law Committee and 
revised by the Board of Directors to be- 
come adopted last year, was due, it is 
well known, to the fact that a sufficient 
number of members failed to vote on its 
adoption. The total number of votes 
cast was 1668, of which 1507 were in 
favor of and 161 were against adoption. 
Had all the members voted, and had 
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text-books in our schools and on our 
shelves are years behind the latest 
things going. These facts the student, 
in college or out, must get from the 
technical press. Being often asked for 
the latest book on a subject I have 
been struck with the frequency, the 
invariability with which one’s recom- 
mendation unavoidably carries with it 
a number of articles recently printed in 
the technical press. 

From the industrial or commercial 
side, this necessity for the class journal 
seems to be equally pronounced; some 
people might regard it as even more 
accentuated. The copper quotations of 
the Engineering and Mining Journal are 
cited everywhere, being cabled to Japan, 
for instance. The price lists of the Iron 
А ре are a necessity of life to thousands 
of hardware merchants all over the 
country, who but for the quotations on 
hundreds of articles in that useful 
paper would have to consult and com- 
pare endless special bulletins from man- 
ufacturers and jobbers. When Mr. 
Carnegie a few years ago opened the 
library at Braddock, Pa., he warmly 
advised the careful reading of the trade 
press; and in his suggestive lecture on 
business at Cornell University in 1896, 
he remarked: '' You see, gentlemen, the 
business man of this day has to read, 
ves, and study, and go to the root of 
manv things, that he may avoid the 
pitfalls that surround business on every 
side." In other words, the technical 
journal is an essential tool of profes- 
sional, industrial, and commercial life. 

When I meet a young engineer and dis- 
cover that he has, unless for some valid 
reason, failed to join the national or 
local society of his branch of engineer- 
ing, I find myself involuntarily putting 
a black mark against his name. When 
I discover also that he does not read 
regularly the journals of the art, he 
becomes more hopelessly '' conditioned” 
in my mind, as one without professional 
pride and dignity, and as one who on 
his own confession does not keep him- 
self so informed about progress that he 
can be properly useful in the world. 


[Oct. 


I have been formulating a plea or 
reason for the existence of technical 
journals as the clearing houses of cur- 
rent knowledge, as a necessary tool, as 
a means of intercourse, without any 
implication that any one of them is all 
that might be expected of it. Every 
human institution is branded with im- 
perfection, and it is only of late years 
that most technical journals have even 
begun to attack the tasks before them 
or discharge the responsibilities resting 
uponthem. Aside from the conceded in- 
adequacy of the editors and managers— 
nowhere more painfully realized than 
among themselves—two very great difh- 
culties steadily prevent these lumi- 
naries from being of full candle-power. 
One of these is the inability to find men 
who have a story to tell and who can 
tell it well. The other is the reluctance 
of corporations and individuals to make 
public for common benefit the informa- 
tion acquired primarily for themselves 
in dealing with a subject, and often at 
enormous expense. Both these are 
evils and may be glanced at separately. 

It may appear curious in these days 
when it is supposed that everybody writes 
to complain that there is not writing 
enough. Lady Holland once said to 
Lord Porchester: ‘‘ I am sorry to hear 
you are going to publish a poem. 
Can't you suppress it?" And when one 
wades through the countless popular 
magazines, and the endless Sunday 
newspapers, and realizes how many 
beautiful miles of the forest fall daily 
under the axe to supplv food for the 
ravenous presses of the age, it does 
seem as though the whispering trees 
would be better than so much loud talk. 
But as sinners against the Adirondacks, 
the technical papers are venial offenders 
with their little editions, when com- 
pared with '' yellows ” boasting half a 
million copies daily, or ‘* muckrakers ” 
running a million a month. Those out- 
lets for the productions of the intellect 
are always clogged with copy, but the 
technical journals in reality have little 
offered them voluntarily, and are fre- 
quently at a loss to get the right man 
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to deal with a topic. For some inex- 
plicable reason, the phrase “ an officer 
and a gentleman " does not find its 
equivalent in ‘‘an engineer and an 
author," although the engineer almost 
daily has an experience or an observa- 
tion. which if duly recorded would be 
of value and economy to every one else 
in the same field of work; and even if 
the single fact is of httle utility, a 
number of them might permit the gen- 
eralization out of which great truths 
and great inventions would presently 
emerge. 

If the technical journals could get 
more of these articles, they would pass 
in glad silence over the fact that the. 
authors knew little of prosody or syn- 
tax, and have never used any but 
“ simplified spelling." The great want 
of the time is, indeed, the ability to 
observe and then tell clearly and directly 
what is seen. This whole great elec- 
trical field of ours teems with obscure 
phenomena, with hints, suggestions, 
ideas, so that if a man notes something 
and does not know himself how to make 
use of it he can at least be useful by 
passing it on. There may be an im- 
provement or a refinement in the art 
involved in the merest trifle; there may 
be the germ of a great invention. 
Chiefly thus does the improbable or the 
impossible become the prosaic and 
commonplace. *‘ Numerous attempts 
have been made,” said Herbert Spencer 
in his treatise on Education, '' to con- 
struct electro-magnetic engines, in the 
hope of superseding steam, but had 
those who supplied the money under- 
stood the general law of the correlation 
and the equivalence of forces, they 
might have had better balances at 
their banks." These very works are 
building yearly thousands of dynamo- 
electric machines that supersede steam 
in every branch of industry, but the 
process of their creation since Spencer 
wrote, down to the moment when No. 
6000 went on the Central tracks, has 
been one of almost imperceptible gra- 
dations of advance; and each advance 
has involved one closer observation of 
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the conditions and facts to be dealt 
with in solving the problem. Such data 
are the very pith and marrow of the 
technical journal, and while I yield to 
none in profound admiration of the 
creative inventor—Edison, Thomson, 
Rice, or Steinmetz—I become more 
and more convinced that in large meas- 
ure the magnificent growth during the 
past century in the arts and sciences is 
due to the swift printing and circu- 
lating of new knowledge, which even 
to the genius is stimulating food for 
thought. 

Perhaps there might be more encour- 
agement for such writing if it paid 
better. True. In this respect the tech- 
nical field, with its small editions, can- 
not compete with the daily paper or 
the popular magazine. I know some- 
thing of the affairs of four technical 
journals, and in not one of them does 
the subscription price begin to pay for 
the mechanical cost of production—the 
paper, press-work, ink, and binding. 
Obviously the margin for the intellec- 
tual cost cannot be very great; and it 
is not. I have never known a millionaire 
among trade-press publishers; I have. 
never known one who did not stick 
close to his job, working strenuously 
day in and day out to build up and con- 
serve the business and the paper. The 
fact is, the contributor to a technical 
journal, like the author of a paper 
before the INsTiTUTE, must not over- 
look what we may call the '' earned 
increment ” that comes from publicity, 
enhanced reputation, and the wonder- 
ful usufruct that flows in upon us every 
time we do a public service or a dis- 
interested act. It is pertinent and not 
impertinent to recall here that my own 
introduction to Mr. C. P. Steinmetz 
was through an article that he thought, 
with characteristic modesty, my paper 
might like to publish. The paltry dol- 
lars we paid him were all we could afford 
and draw our own little weekly stipend, 
but at least we did give him at once an 
audience that has ever since grown 
larger and more appreciative of his 
worth. 


2 PROCEEDINGS OF A.I.E.E. 


many of which were attended by the 
Directors, and all points raised were 
thoroughly discussed. The Committee 
will reconsider all these points, and will 
consider all new points, suggestions, and 
criticisms which may be placed before 
it. The 161 members that voted against 
the Proposed Constitution will now 
have an opportunity to express their 
views fullv; coóperation of this kind 1s 
cordially invited and welcomed by the 
Committee. 

It is realized by all familiar with IN- 
STITUTE affairs that a revised Constitu- 
tion is necessary in order to meet the 
new conditions that tend to make the 
existing Constitution impracticable and 
inefficient. It is. hoped that the effort 
to secure the adoption of a new Con- 
stitution will be successful this year. 


The Engineers’ Building. 


HERE appears to be some doubt as 
to the proper title of the new build- 
ing now approaching completion, which 
is to be occupied by three of the national 
engineering societies. Even its location 
has been rather indefinitely given as 
West 39th Street between 5th and 6th 
Avenues. It actually extends over five 
lots, numbered 25 to 33 West 39th 
Street. It has been called the '' United 
Engineering Society Building,” the 
'" Engineering Building," the “ United 
Engineering Building," the ''Union En- 
gineering Building," and the ‘ Joint 
Engineering Building." 

Whatever title is finally adopted, it 
should be as short as possible, and even 
then it will no doubt be shortened in 
popular usage. There exists already an 
Engineering Building so that the du- 
plication of this title would occasionally 
create confusion. The building will 
be actually owned by engineers, and 
occupied by engineers, so that if called 
the Engineers’ Building, the title 
would at least conform with the facts. 


HE running of the first electric train 
on atrunk-line road into New York 
City, on Sunday, September 30, 1906, 
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established an epoch in electrical engi- 
neering in America. It was in reality 
the '' Triumph of Electric Traction,” so 
fittingly observed in advance at the 
IusTiTUTE dinner in New York two 
years ago. The actual operation by 
electricity within a fortnight of all 
trains on the New York Central & 
Hudson River Railroad entering and 
leaving the Grand Central Station 
marks the beginning of sweeping social 
and economic changes, changes almost 
revolutionary in character. It means, 
in short, ideal suburtan service; satis- 
factory lighting and ventilating of the 
cars; frequent and rapid train service; 
and a comfortable and reíreshing ride 
from the crowded and turbu!ent city 
out into tke hills and valleys of beauti- 
ful and healthful Westchester County. 


A! this time in the year frequent com- 

plaints are made that the copies of 
the PROCEEDINGS, or the last volume of 
TRANSACTIONS, have not been received. 
In most cases these failures in delivery 
are due to members leaving town with- 
out notifving the Secretary to change 
their addresses. It is not sufficient to 
notify the роѕі-оћсе of a change. 
This will serve only for letters and 
postals. Printed matter will not be 
forwarded from one town to another 
unless postage is again paid. An ex- 
press package will be returned to the 
shippers, or notice sent that the pack- 
age cannot be delivered. 


O avoid the confusion sometimes 
caused by the oral use in two differ- 
ent senses of the term member, the Edit- 
ing Committee directs that in all future 
INSTITUTE prints the specific term be 
printed with a capital initial, and the 
generic term with a small letter: thus, 
the term member to include all grades 
of membership; the term Member to 
specify an Associate that has been 
transferred to the higher grade by the 
Board of Directors. 
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Electrification of the New York Central and 
Hudson River Railroad. 


Through the courtesy of Mr. Edwin 
B. Katte, Member A. I. E. E., Electrical 
Engineer of the New York Central and 
Hudson River Railroad, we are enabled 
to publish in this issue of the PRocEED- 
INGS a comprehensive апа illustrated 
summary of the work done by the en- 
gineering staff of this road in connec- 
tion with the electrification of the Hud- 


At present only a part of these plans 
will take the form of actual installation 
and operation, though clear title has’ 
been obtained for every foot of the new 
roadway on both divisions. The part 
actually installed now, the part that 
will be under electric operation within 
a fortnight, is known as the “ Initial 
Electric Zone." This zone extends from 


Fic. 1.—First Electric Train, September 30, 1906, returning from Grand Central 
Station, 3:19 p m. 


son River and the Harlem Divisions of 
the New York Central lines. Under the 
direction of Vice-president Wilgus and 
Mr. Katte, the engineering staff of this 
road has prepared complete detail plans 
for the electrification of the Hudson 
River Division from the Grand Central 
Station to South Croton, and from the 
Grand Central Station to North White 
Plains on the Harlem Division. This is 
known as the '' Entire Electric Zone.” 


the Grand Central Station to High 
Bridge on the Hudson River Division, 
and from the Grand Central Station to 
Wakefield on the Harlem Division. The 
electric installation and operation from 
High Bridge to South Croton, and from 
Wakefield to North White Plains, will 
be undertaken as soon as the Board of 
Railroad Commissioners approves the 
elimination of the grade-crossings. 


PROCEEDINGS OF A.I.E.E 


E ] | ig E 


| 
` 
# 


e v | 


Е .. 
| 


yim 


» 


—— рооорэо IMMEDIATE 


% 


VONN ERS. _ 
— OPOS EO LIT EMSION 


vi. 


( 7 
» 


э 


ә 


моз 
: 
JJ 


9H. 


ANO M y ХАЛИЗ 


af 
$t 
°з 
co— 
= 


\ 


A 


А 

x 

PX 
ef 


AII 


“as 


Ж. 


ELECTA/C ZONE 


VY GE E 


ос. 
INLO) 4 


VOR CITY. 


s, 
mdi 


ЕЕ IST 


E 


Fic. 


Digitized by Google 


1906.] 


NOTES AND COMMENTS. 5 


Power Stations. 
Number of power stations....... 2 


Initial Сараслу. 
No. of 7,000-һ.р. (5,000-kw.) 
turbo-generators............. 8 
No. of 625-h.p. water-tube boilers 32 
Normal capacity, 56,000 h.p. (40,000 
kw.). 


Ultimate Capacity. 
No. of 7,000 h.p. (5,000 kw.) 
turbo-generators............. 12 
No. of 625-h.p. water-tube boilers 48 


Normal capacity, 84,000 h.p. (60,000 
kw.). 


Fic. 3.—Turbine Room, Port Morris Power Station. 


Mileages. 


INITIAL ELECTRIC ZONE. 
(Now Approaching Completion.) 


MILES. 

Grand Central Station to Wake- 
Пеано о dd 
Mott. Haven to Kings Bridge... 4 
Total territory.............. 17 


TRACKS (100-Ib. Rail). 
Main Tracks 
Grand Ceatral Station to Wake- 


field osse лс PH 56 
Mott Haven to Kings Bridge.... 17 
Total Main Tracks.......... 13 
Yard Tracks ................... 12 


Grand total track mileage. 85 


ENTIRE ELECTRIC ZONE. 


Grand Central Station to North 


White Plains................ 24 
Mott Haven to South Croton.... 28 
Total territory.............. 52 


TRACKS (100-lb. Rail). 


Main Tracks. 
Grand Central Station to North 
White Plains............... 
Mott Haven to South Croton.. 120 


Total main tracks.. sales aig 224 
Yard TrackS. ................ 68 
Grand total track mileage.... 292 
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Fic. 4.—Rotary Floor, Kings Bridge Sub-Station 


Sub-Stations. 


INITIAL ELECTRIC ZONE. ENTIRE ELECTRIC ZONE. 
Number of sub-stations........... 4 Number of sub-stations........... 8 
Normal rotary capacity....15,000 kw. Normal rotary capacity. ...27,000 kw. 
Momentary capacity of storage bat- Momentary capacity of storage bat- 
oí ЖКК TTEN 22,342 kw. [efi суа бил кл Ае 37,786 kw. 
Hourly capacity of storage bat- Hourly capacity of storage bat- | 
ТЕГИ a аага 7,447 kw. del MRNA EGIT Ses 12,595 kw. 


Fic 5.—Batterv Floor, Kings Bridge Sub-Station. 
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"Transmission System. 


1906.] 
INITIAL ELECTRIC ZONE. 
Miles of conduit territory РЕ 12 
'" . " cables in conduits........ . 89 
"  " pole-line territory. ....... 6 
" A" cables on poles........... 48 
Approximate weight in pounds of 
transmission copper........ 1,500,000 
Number of splicing chambers. ..... 220 
"  " circuit-breaker houses.. 9 
"  " cable towers. ......... 1 


ENTIRE ELECTRIC ZONE. 


Miles of conduit territory......... 16 

" A" cables in conduits........ 97 

" '" pole line territory. ....... 46 

" A" cables on poles.......... 344 
Approximate weight in pounds of 

transmission copper........ 3,000,000 

Number of splicing chambers. ..... 383 

“  "" circuit-breaker houses.. 26 

"  " cable towers. ......... 3 


Fic. 6.—Cable Tower and Transmission System. 


Working Conductors. 


INITIAL ELECTRIC ZONE. 


Miles of track equipped with 70-11. 
under-contact protected third rail 75 
Miles of track equipped with over- 
head construction........ 3 
Number of switches equipped with 
working conductors............ 285 
Lineal feet of jumpers........... 14,000 
Number of running-track bonds. . 43,000 


ENTIRE ELECTRIC ZONE. 


M.les of track equipped with 70-1b. 
under-contact protected third rail 285 
Miles of track equipped with over- 
head construction. hs 5 
Number of switches созт with 
working conductors............ 
Lineal feet of jumpers.......... 37,000 
Number of running-track bonds. 136,000 
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Fic. 


7.—Aerial Transmission Line and Signal Bridge—University Heights. 


Signals and Interloching. 


INITIAL ELECTRIC ZONE. 
No. at interlocking plants........ 18 
" . '' levers in interlocking plants 668 


UU DIOCESE.: xa OE 
Miles of ено рак dicks МҮК 4 
Miles of pole-line wires........... 72 
No.ofsigüülfOWefS....on: az. 3B 

Ue CU battery ROUSES 26.06.05. әле уа 13 

" CUasennal sub-stetions,....:. 9 

SS ОЛА DHUSeR. 3 eulx a 3l 


ENTIRE ELECTRIC ZONE. 


No. of interlocking planis......... 51 
" “levers in interlocking plants. 1705 
wo S BIO i pe Oe eee he 564 

Miles of four-way ducts.......... 4 

Miles of pole-line wires........... 702 

No. OL spunaltOWeré$..-:.1..2255 Sl 
"6 “Battery houses; sss 41 
" '' signal sub-stations......... 8 


agnal DrOdPBS.. o0 epus 108 


"C mev- v axi "7 дыл dup" qm" ike | al I 


» — o 5 £ Е - г 


Fic. 


S.—Tvpical Splicing Chamber. 
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Fic. 9.—Steel Suburban Car, Motor. 


Rolling Stock. 


Number of electric locomotives for 
hauling through trains, each with 
normal capacity of 2200 h.p., 
weight 100 tons............... 

Number of all-steel multiple-unit 
motor cars for suburban service, 
each with normal capacity of 400 
h.p., weighing complete 53 tons. 

Number of all-steel multiple-unit 
trailer cars, weighing complete 


Number of all-steel multiple-unit 
motor combined baggage and ex- 


Fic. 


125 


99 


press cars, each 400 Һ.р........ 6 
Total number of cars and loco- —— 
то{їуе$.................... 221 


Total normal horse power of elec- 
tric rolling stock............129,400 
Total weight, in tons, of electric 
rolling stock................. 12,680 
Maximum speed of electric locomo- 
tives in miles per hour, depending 
on weight of trains, which will 
range from 250 to 900 tons. .40 to 80 
Maximum speed, in miles per hour, 
of multiple-unit suburban trains. 52 


10.—Steel Suburban Car, Interior. 
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Fic. 11.—General View of Section No. 1, Grand Central Station. 


Grand Central Station. 


Total number of levels, including 
subways, tracks, and streets.... 

Subway connections for interchange 
of passengers with Rapid Transit 
facilities ou cc boos ики e mur 

Depth from street surface to lowest 
portion of the Terminal, in feet.. 


Area of Terminal. 


4 


3 


80 


Suburban station........... 22 acres 


Express 1еуе1............... 39 


Totale шеек олан 61 


ét 


6 


Miles of їгасКѕ.................. 25 
Car capacity а ек 1200 
Number of platform tracks........ 41 
Number of acres covered by build- 
ings south of 45th Street......... 8 
Number of acres of new street via- 
ducts over the tracks.......... 16 


Lineal feet of new street viaducts.. 8700 
Tons of steel in the Grand Central 
Terminal анн 025 100,000 
Cubic yards of сопсгеѓе....... . 260,000 
Cubic yards of excavation. . . . 3,000,000 


Fic. 12.— Kings Bridge Sub-Station, Exterior. 
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General Improvements. 


Number of new passenger stations 
in Initial Electric Zone, includ- 
ing Grand Central Station and 
new Union Terminal in the Bronx 

Number of new passenger stations 
in Entire Electric Zone........ 

Number of permanent shop termi- 


nals for repairs of electrical equip- © 


Number of temporary engine-house 
terminals for transition from 
steam to eleetric power........ 

Number of grade-crossings elimi- 


23 


t 


Miles of territory increased from 3 
to гаскер exa Rebus 3 
M.les of territory increased from 4 
СОТТА еа а жж ынк» 0.45 
Miles of territory increased from 4 
ТОТО tracks: oue шне жик 0.68 
Reduction in degrees of curvature 
caused by improvements on the 
Port Morris Branch, Marble Hill 
Cut-off, Spuyten Duyvil Rectifi- 
cation, Riverdale Rectification, 
and Irvington Rectfication (near- 
ly a full circle).................345° 


Fic. 13.—Grand Central Station Yard Improvement, East Yard. Looking South. 


nated in the Initial Electric Zone, 
including new overhead streets 
at the Grand Central Terminal.. 
Number of grade-crossings to be 
eliminated in the Entire Electric 


Elimination of track grade-cross- 
ings at Spuyten Duyvil and Mott 
HAV GN ates cuttin tn eee he pas 

Miles of territory increased from 2 
toA tracks мачу 

Miles of territory increased from 3 
СОА аске ыс coelos 


33 


55 


22 


Shortening of main line because of 
improvements in alignment, feet. 4013 


No. of miles new main-track...... 75 
No. of miles new yard-track...... 43 
No. of miles passing track........ 8 
Total miles of new track.......... 126 
Number of new local freight deliv- 

ery yards...... bid Mies Sok hee oe Т 11 
Number of new assembling freight 

VARESE) ушне ккк Фаза ee ie 4 
Lineal feet of new double-track tun- 

Del eee cee at Uu tte 1773 


Lineal feet of new four-track tunnel 1070 
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Traffic Control. 


The existing manual-controlled and 
electropneumatic automatic signals and 
the low-pressure pneumatic and mechan- 
ical interlocking plants will be replaced 
with all-electric automatic signals and 


all-electric interlocking plants, involv- 
ing the use of alternating-current track 
circuits in com* ination with the direct- 
current propulsion system. This worx 
is now well under way. 


Traffic to be reversed from left-handed to right-handed running. 


Historical Data. 


Date of passage of acc by the Legislature 
authorizing change of motive power, 
May 7, 1903. 

Date of contract with the City of New 
York for change of motive power, 
July 1, 1903. 

Agreed date of completion of change of 


Running of the first electric locomotive 
in New York City, July 20, 1906. 

Running of the first electric train into 
the Grand Central Station, September 
30, 1906. 

Anticipated change of motive power on 
the New York Central and Hudson 


Fic. 14.—First Electric Train, September 30, 1906, Arriving at High Bridge, 
3:37 p.m. 


motive power, July 1, 1908. 

Commencement of actual work on the 
Grand Central Station Improvement, 
August 17, 1903. 

Runn ng of the first experimental elec- 
tric locomotive, October 27, 1904. 
First formal test of electric locomo- 

tive, November 12, 1904. 


| | e c 


River Railroad, latter part of Octo- 
ber or fore part of November, 
1906. 


Therefore the New York Central and 
Hudson River Railroad has anticipated 
the date for change of motive power 
fixed by law by nearly two years. 


1906.] 


Aspects of Technical Jour- 
nalism.* 


Identified as this meeting is with the 
work of the INsTiTUTE, it is perhaps 
natural that you should entertain a 
healthy curiosity as to the nature of 
the parallel work of another organiza- 
tion whose aim it is, equally, to dis- 
seminate knowledge of the arts and 
sciences. If I can this evening estab- 
lish in your minds the idea of a similar- 
ity of function and usefulness in the two 
institutions I shall be satisfied. 

Just 18 years ago, on the invitation 
of Mr. Samuel Insull, I had the honor 
of being the first technical journalist to 
visit and describe these works, then 
comprising some 26 buildings covering 
five acres and giving employment to no 
fewer than 775 men, women, and chil- 
dren. If among the many old friends 
in my audience are those who can over- 
whelm me with the figures of growth 
here since dear old John Kruesi took 
me by night around the inferno of 
noisy, glowing shops, they, with you, 
will not deny me some right to pride 
in the statistics I may allude to of de- 
velopment meantime in my own field 
of effort. 

Now this very growth of which 
Schenectady is in one great industry 
the distinguished expression, carries 
with it the reason why the technical 
press has sprung into existence and has 
become a vital force. There was a 
time in the early days of the INsTITUTE 
when on looking over a list of its mem- 
bers I could claim to know every one 
of them— perhaps four or five hundred. 
To-day as I look over the list of 4,000 
members—as I scan the Schenectady 
roster—there are scores and scores of 
names of men I never yet met. This 
is inevitable, perhaps it is best for them 
and for me. But given a growing art, 
an activity of creation in it, and an 
increasing number of men devoted to 
its prosecution, there seems absolutely 


*Extracts from ап address before the Sche- 
nectady Branch of the INsTiITUTE, October 5, 
1906. by T. Commerford Martin, Past President 
and Editor of the Electrical World. 
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no other satisfactory medium of inter- 
course for it except such a body as the 
INSTITUTE, or its technical and trade 
press. It sounds almost heretical to 
express the idea that a modern man 
can live without a daily newspaper, 
but Lord Kelvin once allowed to me 
that he virtually did so without cheating 
his brain. The placard bulletin, the 
megaphone, the ticker tape, and the 
sky signal-lights could keep one fairly 
au courant with all the news of plague, 
famine, and sudden death that is neces- 
sary to happiness. But it is hard to 
conceive how a man desirous of keeping 
abreast of invention, improvement, ex- 
perience, and discussion in his profes- 
sion or industry can possibly do so if 
he does not read with at least moderate 
diligence his technical paper. Even 
the worst trade journal is better than 
none; and the best will leave a true 
hunger for knowledge sorely unsatis- 
fied. The technical journalist is a spe- 
cialist, he is cultivating a restricted 
territory, he is working with a micro- 
scope, all of which tells against large- 
ness, broadness, liberality. Yet intensi- 
fied cultivation has its merits, and 
many a patch of lilies in Bermuda, or 
vines in France, yields a far more valu- 
able product than a sprawling wheat 
farm in Minnesota with its thin 15 
bushels to the acre. 

No technical man can find outside 
his special class journal the right in- 
tellectual food—tough, indigestible, and 
badly cooked as most of it may be. 
The efforts of the daily press to be tech- 
nical and supply valuable data, are 
laudable; the engineering supplement 
to the London Times is the best ex- 
ample of how far such a tendency can 
go; and the synopses given in many 
American journals of scientific and in- 
dustrial news are praiseworthy from 
the standpoint of the average reader. 
But much of what gets into print thus 
is to be regarded with suspicion, though 
reflecting no discredit on the daily 
whose pages it brightens. Now and 
again there is a book in the nature of a 
revelation, but the majority of the 
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text-books in our schools and on our 
shelves are years behind the latest 
things going. These facts the student, 
in college or out, must get from the 
technical press. Being often asked for 
the latest book on a subject I have 
been struck with the frequency, the 
invariability with which one's recom- 
mendation unavoidably carries with it 
a number of articles recently printed in 
the technical press. 

From the industrial or commercial 
side, this necessity for the class journal 
seems to be equally pronounced; some 
people might regard it as even more 
accentuated. The copper quotations of 
the Engineering and Mining Journal are 
cited everywhere, being cabled to Japan, 
for instance. The price lists of the Iron 
ge are a necessity of life to thousands 
of hardware merchants all over the 
country, who but for the quotations on 
hundreds of articles in that useful 
paper would have to consult and com- 
pare endless special bulletins from man- 
ufacturers and jobbers. When Mr. 
Carnegie a few years ago opened the 
library at Braddock, Pa., he warmly 
advised the careful reading of the trade 
press; and in his suggestive lecture on 
business at Cornell University in 1896, 
he remarked: '' You see, gentlemen, the 
business man of this day has to read, 
ves, and study, and go to the root of 
manv things, that he may avoid the 
pitfalls that surround business on every 
side." In other words, the technical 
journal is an essential tool of profes- 
sional, industrial, and commercial life. 

When I meet a young engine гапа dis- 
cover that he has, unless for some valid 
reason, failed to join the national or 
local society of his branch of engineer- 
ing, I find myself involuntarily putting 
a black mark against his name. When 
I discover also that he does not read 
regularly the journals of the art, he 
becomes more hopelessly '' conditioned” 
in my mind, as one without professional 
pride and dignity, and as one who on 
his own confession does not keep him- 
self so informed about progress that he 
can be properly useful in the world. 
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I have been formulating a plea or 
reason for the existence of technical 
journals as the clearing houses of cur- 
rent knowledge, as a necessarv tool, as 
a means of intercourse, without any 
implication that any one of them is all 
that might be expected of it. Every 
human institution is branded with im- 
perfection, and it is only of late years 
that most technical journals have even 
begun to attack the tasks before them 
or discharge the responsibilities resting 
upon them. Asidefrom the conceded in- 
adequacy of the editors and managers— 
nowhere more painfully realized than 
among themselves—two very great difh- 
culties steadily prevent these lumi- 
naries from being of full candle-power. 
One of these is the inability to find men 
who have a story to tell and who can 
tell it well. The other is the reluctance 
of corporations and individuals to make 
public for common benefit the informa- 
tion acquired primarily for themselves 
in dealing with a subject, and often at 
enormous expense. Both these are 
evils and may be glanced at separately. 

It тау appear curious in these days 
when it is supposed that everybody writes 
to complain that there 15 not writing 
enough. Lady Holland once said to 
Lord Porchester: “ I am sorry to hear 
you are going to publish a poem. 
Can't you suppress it?" And when one 
wades through the countless popular 
magazines, and the endless Sunday 
newspapers, and realizes how many 
beautiful miles of the forest fall daily 
under the axe to supply food for the 
ravenous presses of the age, it does 
seem as though the whispering trees 
would be better than so much loud talk. 
But as sinners against the Adirondacks, 
the technical papers are venial offenders 
with their little editions, when com- 
pared with " yellows ” boasting half a 
million copies daily, or ‘t muckrakers ” 
running a million a month. Those out- 
lets for the productions of the intellect 
are always clogged with copy, but the 
technical journals in reality have little 
offered them voluntarily, and are fre- 
quently at a loss to get the right man 
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to deal with a topic. For some inex- 
plicable reason, the phrase “ an officer 
and a gentleman " does not find its 
equivalent in '"an engineer and an 
author," although the engineer almost 
daily has an experience or an observa- 
tion which if duly recorded would be 
of value and economy to every one else 
in the same field of work; and even if 
the single fact is of little utility, a 
number of them might permit the gen- 
eralization out of which great truths 
and great inventions would presently 
emerge. 

If the technical journals could get 
more of these articles, they would pass 
in glad silence over the fact that the 
authors knew little of prosody or syn- 
tax, and have never used any but 
“ simplified spelling." The great want 
of the time is, indeed, the ability to 
observe and then tell clearly and directly 
what is seen. This whole great elec- 
trical field of ours teems with obscure 
phenomena, with hints, suggestions, 
ideas, so that if a man notes something 
and does not know himself how to make 
use of it he can at least be useful by 
passing it on. There may be an im- 
provement or a refinement in the art 


involved in the merest trifle; there may - 


be the germ of a great invention. 
Chiefly thus does the improbable or the 
impossible become the prosaic and 
commonplace. ‘‘ Numerous attempts 
have been made,”’ said Herbert Spencer 
in his treatise on Education, ‘ to con- 
struct electro-magnetic engines, in the 
hope of superseding steam, but had 
those who supplied the money under- 
stood the general law of the correlation 
and the equivalence of forces, they 
might have had better balances at 
their banks." These very works are 
building yearly thousands of dynamo- 
clectric machines that supersede steam 
in every branch of industry, but the 
process of their creation since Spencer 
wrote, down to the moment when No. 
6000 went on the Central tracks, has 
been one of almost imperceptible gra- 
dations of advance; and each advance 
has involved one closer observation of 
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the conditions and facts to be dealt 
with in solving the problem, Such data 
are the very pith and marrow of the 
technical journal, and while I yield to 
none in profound admiration of the 
creative inventor—Edison, Thomson, 
Rice, or Steinmetz—I become more 
and more convinced that in large meas- 
ure the magnificent growth during the 
past century in the arts and sciences 1s 
due to the swift printing and circu- 
lating of new knowledge, which even 
to the genius is stimulating food for 
thought. 

Perhaps there might be more encour- 
agement for such writing if it paid 
better. True. In this respect the tech- 
nical field, with its small editions, can- 
not compete with the daily paper or 
the popular magazine. I know some- 
thing of the affairs of four technical 
journals, and in not one of them does 
the subscription price begin to pay for 
the mechanical cost of production—the 
paper, press-work, ink, and binding. 
Obviously the margin for the intellec- 
tual cost cannot be very great; and it 
is not. I have never known a millionaire 
among trade-press publishers; I have. 
never known one who did not stick 
close to his job, working strenuously 
day in and day out to build up and con- 
serve the business and the paper. The 
fact 15, the contributor to a technical 
journal, like the author of a paper 
before the INSTITUTE, must not over- 
look what we may call the '' earned 
increment " that comes from publicity, 
enhanced reputation, and the wonder- 
ful usufruct that flows in upon us every 
time we do a public service or a dis- 
interested act. It is pertinent and not 
impertinent to recall here that my own 
introduction to Mr. C. P. Steinmetz 
was through an article that he thought, 
with characteristic modesty, my paper 
might like to publish. The paltry dol- 
lars we paid him were all we could afford 
and draw our own little weekly stipend, 
but at least we did give him at once an 
audience that has ever since grown 
larger and more appreciative of his 
worth. 
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Roughly, possible writers for the 
technical press are grouped into men 
who couldn't and men who mustn’t, 
leaving editors a very narrow range 
of collaboration. In other words, it 
is often to the interest of a great cor- 
poration to keep its mouth shut, and 
the casuistry of that situation has fre- 
quently caused me hours of perplexity. 
It all gets back to the old question of 
morals and sociology, how far a man 
has a right to that which is his own. 

The fact that an important matter is 
not mentioned by the technical press 
does not imply ignorance of it. This year 
I published an article in regard to an 
important invention of which I had had 
knowledge for at least four years. 
During that time not one word had I 
printed about it. The list of the re- 
cipients for the Carnegie medal for 
heroism ought really to include people 
who, under temptation, hold their 
tongues. Sometimes, things leak in a 
mysterious way, sometimes in a ne- 
farious way, but it may be questioned 
whether the case is on record of a tech- 
nical editor who took, or paid for know- 
ingly, the story of an employe giving 
away the confidential secrets of the 
company he had been serving. It could 
not well be otherwise. It is not a 
question of fcar of losing advertising 
patronage. That is curiously exag- 
gerated in the public mind. I do not 
know a technical journal that could not 
lose the advertising patronage of half 
a dozen of its largest patrons without 
the slightest financial injury in the 
long run. Of course a whole industry 
might go to pieces, as did the bicycle 
trade, crippling a dozen good journals; 
but the best of them survived, or were 
transmogrified into the automobile field. 
There was a time in the electrical field 
when my own journal had something 
like 30 separate arc-light companies, 
each advertising largely its own sys- 
tem. They were virtually all absorbed, 
or faded away, but the art went on, 
and so did the paper. The truth seems 
to be that where there is consolidation 
of effort in any permanent and growing 
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field, the concentration, if justified, 
brings with it economies and new 
wealth, and that wealth has to find an 
outlet again in new industries. There 
would have been no telephony, if 
telegraphy had not been profitable. 
The electric light was encouraged by 
the telephone boom, and the electric 
railway sprang from the success and 
resources of illumination. 

As noted already, each corporation 
has its publicity or literary bureau, 
which does deft, clever work of a high 
informational value. In the technical 
field, this tendency results in the diffu- 
sion of a great deal of useful data of 
benefit to everybody in the art, whether 
going directly at first hand into the 
columns of the press, or given to that 
more select and critical audience con- 
stituted by such a body as the member- 
ship of the INsrirTUTE. The only ob- 
jection to the present prevalent plan 
of spreading the same article profusely 
broadcast is that it becomes mutilated 
or emasculated because self-respecting 
papers object to print the same ‘‘story”’ 
verb et lit, just as though it were a mere 
electrotype. The other plan of inviting 
the editors to inspect a new appliance, 
and then give their own version, is 
better, even if they get it a bit wrong. 
One popular plan which has many ob- 
vious demerits is the modern house 
organ, where a corporation can say 
what it wants as it likes, and vaunt 
itself to the skies as to any new plant 
or product. Everybody discounts that 
kind of publicity immediately, and it 
carries no weight, even as compared 
with the issuance of exactly the same 
matter in a venal journal that makes 
a living by printing ‘ write-ups.” It 
is exactly the same kind of discount 
that an electrical journal is involun- 
tarily subjected to by a general reader 
who peruses its advocacy of something 
electrical as preferable to something 
that is not. In the final analysis what 
we are all seeking is the truth pub- 
lished without bent or bias, without 
fear or favor. 

Finally, a brief note on the journalist 
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himself, the composite, mystical, elu- 
sive ‘‘ we." More and more the “ we” 
becomes a reality, however such a 
strong personality will assert itself and 
breathe in palpable form through the 
cold type, or exhibit itself in that ex- 
quisite thing called style. Without 
parading all the secrets of the prison 
house, I can say that in the paper with 
which I come in nearest touch, an edi- 
torial expression of opinion is very 
rarely that of one man. It is more often 
a blend, like good whiskey. One hand 
will contribute the fundamentals, others 
will furnish the harmonics and over- 
tones; and when the editor who has 
least to do with it is complimented on 
his last admirable production, he will 
acquiesce in silent pride and com- 
placency. 


Local Organizations. 
BALTIMORE. 

On June 15, Mr. J. B. Scott presented 
a paper entitled, '' The Power Plant of 
the Baltimore Electric Power Company.” 
The paper was discussed by Messrs. 
Whitehead, Adams, Dusman, Keil- 
holtz, Burnett, and Edwards. 21 mem- 
bers and guests were present. 


COLUMBUS. 

At the annual meeting of the Colum- 
bus Branch held on June 25, the follow- 
ing officers were elected: F. W. C. Bailey, 
chairman; H. L. Cook, secretary-treas- 
urer; A. N. Cope, J. C. McMasters, man- 
agers to serve two years. 

The By-laws were amended to read 9 
meetings a year instead of 15. Meetings 
will be held on the first Monday in 
October, November, December, Janu- 
ary, February, March, April, May, June. 


Iowa STATE COLLEGE. 

The first meeting of the year was held 
in the Engineers’ Hall of the Iowa State 
College on Sept. 19, 1906, 53 members 
and guests attending. G. E. Marsh pre- 
sented a paper entitled, “ A Device for 
Drawing the Magnetic Lines from an 
Ideal Magnet.” 

Adolph Shane abstracted the Conven- 
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tion paper on the inter-pole motor, 
and Messrs. Paul Whallon and J. F. 
Woods recounted their respective ex- 
periences during the summer in the 
shops of the Bullock Elec. Mfg. Co. at 
Cincinnati and the Westinghouse Elec. 
Mfg. Co. at Pittsburg. 

After the meeting the Executive 
Committee discussed the advisability of 
having .the meeting partly devoted to 
consideration of abstracts of articles in 
the technical press. No decision was 
reached. 


MINNESOTA. 

The Minnesota Branch were guests of 
the Minneapolis General Electric Co., 
August 25, on a trip to the new 12,000- 
h.p. hydraulic development at Taylor's 
Falls on the St. Croix river. The 50-mile 
trip from the Twin Cities was made in 
a private car. After reaching the falls 
the morning was spent in inspecting the 
transmission line and works from the 
Minnesota side of the river. 

At noon an elaborate luncheon was 
served the visitors and, following that, 
carriages were waiting to drive them to 
the Wisconsin side where is located the 
power station and where the main work 
on the 50-ft. dam is now in progress. 

The return trip was made in the 
evening and all present united in a vote 
of appreciation to the Minneapolis Gene- 
ral Electric Co., and to Messrs. Seavey, 
Sweeney, and Muhlfeld, who did the 
honors of the day. Fifteen members of 
the INSTITUTE participated. 


PHILADELPHIA. 

The annual meeting for the election of 
officers for the ensuing year was held on 
june 11, 1906, 78 members and guests 
attending. Private cars were provided 
by the Public Service Corporation of 
New Jersey, and the Westville power 
house of the Pennsylvania Railroad was 
visited. After the visit the Branch en- 
joyed a dinner and impromptu speeches 
at Washington Park. Secretary Pope 
addressed the meeting. The following 
officers were elected: W. C. L. Eglin, 
chairman; H. F. Sanville, secretary; 
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Paul Spencer, F. P. Luepke, C. D. Ehret, 
managers. 


PITTSFIELD. 


A special meeting of the Pittsfield 
Branch was held on June 30, 1906, for 
the purpose of electing officers and ap- 
pointing an executive committee for the 
coming year. The new officers and com- 
mittee are: Gilbert Wright, chairman; 
S. H. Blake, secretary; Gilbert Wright, 
S. H. Blake, H. H. Barnes, Jr., execu- 
tive committee. 

The retiring secretary read a report 
covering the activity of the Branch 
during the year 1905-1906. 


PURDUE UNIVERSITY. 


The first meeting for the year 1906- 
1907 was held in the Electrical Building 
of the University on September 25. 
There were 56 members and visitors in 
attendance. Professor J. W. Esterline 
presented a paper entitled, '' Leakages 
of High-Potential Current along Sur- 
faces of Insulation." Professor C. P. 
Matthews presented a paper entitled, 
" History and Facts Concerning the 
Purdue Branch of the A. I. E. E." 


TORONTO. 


The following extracts are from the 
President’s and the Secretary’s reports 
for the year 1905-1906. 

“ This month marks the third anni- 
versary of the organization of the Tor- 
onto Branch, and our record for these 
years has been one indicative of activity 
and strong individual interest by the 


membership; for one must bear in mind | 


that the success of an organization of 
this character is entirely dependent 
upon the coóperation of the entire mem- 
bership.” 

“ I cannot let this opportunity pass 
without congratulating the INSTITUTE 
upon having such active members as 
Professor Rosebrugh and Mr. Price, 
who are so largely responsible for the 
active interest taken by the students 
and for the increase in the branch mem- 


,? 


bership. 
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" This is an excellent opportunity of 
bringing before the membership a mat- 
ter which is of vital importance to the 
branch work. Unfortunately, our ac- 
tivity is limited by the small number of 
members we possess. Toronto is grow- 
ing electrically each day, and it is only 
a matter of time before our ranks will 
be swelled by men identified with elec- 
trical interests. It is important, ther- 
fore, that the branch, in this, its child 
stage, be fostered and strengthened. To 
do this we must have the individual in- 
terest and activity of each member. 
It is a fact that an organization of this 
character must look for success from 
this source, for there is no other. There 
are two classes of members: first, the 
active class, which consists of men who 
are so sincere in their efforts to support 
an institution organized for the instruc- 
tion and development of its members, 
that they come night after night, and 
in this way, and in taking part in dis- 
cussion, assure the success of the meet- 
ing; secondly, the inactive class, who 
merely take a dilatory interest in our 
success, and rarely, if ever, attend 
meetings. With the advent of the stu- 
dents our active class has increased 
largely during the past season, and the 
prospects for an increasing active ele- 
ment, both associate and student, the 
coming season, are most bright." 

" At these meetings six INSTITUTE 
papers have been abstracted and dis- 
cussed, and three original papers pre- 
sented, as follows: '' Multiple Operation 
of Transformers,’ R. T. Mackeen; 
' Booster Control of Storage Batteries,’ 
E. B. Walker; ‘Suburban Railways,’ 
C. Н. Wright." 

“The total attendance at the ten 
meetings was 159, an average of 15.9 
per meeting. The largest attendance 
was 26, and the smallest attendance 7. 

'" Our membership has increased from 
50 to 60, including associate and student 
members. The associate membership 
suffered a decrease of 10, but our stu- 
dent membership increased by 20, so 
that there has been a net gain of 20 
per cent.” 
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Institute Committees. 

In compliance with Section 5 of Ar- 
ticle VII of the Constitution, President 
Sheldon has appointed the following 
standing committees: 

Executive Committee, seven members 

Board of Examiners, five members. 

Library Committee, five members. 

Committee on Papers, five members. 

Editing Committee, three members. 

Committee on Finance, three mem- 
bers. 

President Sheldon has also appointed 
the following temporary or special 
committees: 

Committee on Increase of Member- 
ship, five members. 

Committee on High-Tension Trans- 
mission, seven members. 

Committee on Telephony, three mem- 
bers. 

Committee on 
member. 

National Electric Code Committee, 
seven members. 

Committee on Local Organizations, 
seven members. 

Standardization Committee, 
members. 

Law Committee, five members. 

Building Fund Committee, 
members. 

Committee on Forest Preservation, 
six members. 

Committee on Electrical Engineering 
Ethics, three members. 

The make-up of all these committees 
will be found on page 25 of this 
issue of the PROCEEDINGS. As stated in 
another column, the term member 
is generic and includes all grades of 
membership; the term Member is spe- 
cific and is confined to Associates that 
have been regularly transferred to the 
higher grade by the Board of Directors. 

The new committees assumed their 
duties September 28, and some of them 
have already begun work with enthu- 
siasm. Many of these committees will 
require the active assistance of the 
membership in order to attain the best 
results. 

The following communication has 


Bibliography, 


eleven 


one 


eight | 
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been received from the chairman of the 
Committee on Increase of Membership: 

As the national society of the elec- 
trical engineering profession, our IN- 
STITUTE must depend for its strength 
upon the representative character of its 
membership. Although we have made 
great progress in the last few years there 
remains much to be desired. 

President Sheldon, in his inaugural 
addr:ss at the September meeting, 
printed elsewhere in this issue, has 
called attention to the fact that a 
broadening of our membership is highly 
desirable that the INsrTiTUTE may have 
a wider influence and the opportunity 
to extend its work. To accomplish this 
purpose as far as possible is the object 
of the Increase of Membership Com- 
mittee. | 

The time is especially appropriate 
for enlarging the sphere of the Insti- 
TUTE's influence. There are а surpris- 
ingly large number of persons eligible 
to membership who would make highly 
desirabk additions to our roll, who have 
never made application, sometimes be- 
cause they are пос familiar with the 
character of the INsTITUTE work, some- 
times because they have a misconception 
of the requirements for admission. 
There are, further, many others who, 
while fully intending to connect them- 
selves with the INSTITUTE, have ne- 
glected to make the necessary applica- 
tion. The result is that to just chis 
extent the INsTITUTE is hampered in 
its work, and its influence limited. 

It is the purpose of the present Com- 
mittee on Increase of Membership to 
bring to the attention ot desirable non- 
members the character and the work 
of the INsriTUTE. The Committee ex- 
pects that the result of this course 
wil be the broadening of our mem- 
bership without the lowering of its 
standard, for new members of doubtful 
standing should not be accepted merely 
to add to our numbers. 

In this work the Committee finds 
difficulty in locating possible candi- 
dates, and asks that the present Mem- 
bers and Associates assis; the Committee 
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by making a special effort to bring to 
the attention of their friends the various 
activities of the INsTITUTE and its 
standing as the national body of the 
electrical profession on this continent, 
corresponding to the American Society 
of Civil Engineers, the American Insti- 
tute of Mining Engineers, and the Am- 
erican Society of Mechanical Engineers 
in this country; the Institution of Civil 
Engineers and the Institution of Elec- 
trical Engineers of Great Britain, and 
the Société des Ingénieurs Civils de 
France. 

The features of the INsTiTUTE work 
most likely to interest such persons are 
the meetings, both at New York and 
at the various branches, the papers and 
discussions, the monthly PROCEEDINGS, 
containing the reports of the New York 
meetings, the more important papers 
presented at the branches, INSTITUTE 
news and other appropriate matter; the 
TRANSACTIONS, which are the bound 
volumes of such matter in the proceed- 
ings as is of permanent value; the 
Annual Conventions, the occasional 
International Congresses; the opportu- 
nity for the extension of professional 
acquaintance, and the prestige attach- 
ing to INSTITUTE membership. 

As the INsTiTUTE has aided most ma- 
terially in the advancement of the elec- 
trical arts in the past, and has for the 
future further possibilities of greater 
importance, few persons will wish to re- 
ceive advantage from such work without 
being identified with the organization. 

The Committee further earnestly re- 
quests all our present members to 
make themselves familiar with the 
Constitutional requirements for admis- 
sion and to provide themselves with 
application blanks (which contain full 
instructions for joining) for the benefit 
of any of their friends who may be 
interested. Such blanks can be ob- 
tained at the Secretary’s office, 95 Lib- 
erty St., New York City, of any mem- 
ber of the Committee or any of the 
Branch Secretaries. 

The Law Committee held its first 
meeting October 5, and reference is 
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made in another column to its proposed 
plans. The revision of the Constitution 
was completed early in the year, and 
after learning as far as possible the 
wishes of the members, the committec 
will review its previous work, and be 
largely guided in its future deliberations 
by the suggestions received in reply to 
its inquiries. 

The Library Committee has in hand 
several important duties among which 
are the selection and purchase of fur- 
niture for the new building, the creation 
of a museum, and deciding upon the 
administration of the library after the 
occupation of joint quarters. 

The Standardization Committee is en- 
gaged in rearranging and revising its 
report as submitted to the Milwaukee 
Convention, at which its report was re- 
committed for this purpose. An oppor- 
tunity will be afforded the membership 
to pass upon its recommendations be- 
fore final adoption. Meanwhile the re- 
port of 1902 is available until super- 
seded by the revised report. 

The Committee on Papers. Inquiries 
have already been made as to the pro- 
gram for the season. This Committee 
has but just entered upon duties, and 
the preparation of even a tentative cal- 
endar is a duty requiring considerable 
correspondence involving the usual de- 
lay in receiving replies. The paper for 
the meeting October 26 appears in this 
issue. It is by Dr. Lee de Forest and 
entitled ‘‘ The Audion." An effort has 
already been made through the chair- 
men and secretaries of local organiza- 
tions to obtain high-class papers from 
members in various parts of the country. 


Of the 191 Associates elected on 
September 28th there were 30 stu- 
dents whose terms of enrolment had 
expired in accordance with the three 
years’ limit. Up to October Ist. 1903, 
292 students were enrolled. On Octo- 
ber 1st, 1906, 32 of these had applied 
for election as Associates, and 31 had 
been elected Associates before their 
terms expired, making a total of 63, or 
about 22% of the original enrollment. 
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Literary. 


THe ELEMENTS OF ELECTRICAL ENGI- 
NEERING.—A Text-book for Technical 
Schools and Colleges.—By William 
Suddards Franklin, Professor of Phy- 
sics in Lehigh University, and William 
Esty, Professor of Electrical Engi- 
neering in Lehigh University. Vol. 1. 
Direct Current Machines, Electric Dis- 
tribution and Lighting. The Mac- 
Millan Co., New York. Cloth, 8} by 
5} in. pp. 517; 265 Figs. in the text. 


The authors have attempted the diffi- 
cult task of providing a text-book for 
use in technical schools and of such a 
nature that it will serve as an intro- 
duction to the study of electrical engi- 
neering for both electrical and mechan- 
ical engineers. The material is inge- 
niously arranged, so that the elementary 
and practical parts may be selected 
without interfering with the continuity 
of the study. This is accomplished by 
printing in small type the more ad- 
vanced portions which are scattered 
throughout the main body ofthe book, 
and by placing the problems and much 
of the theory in appendices which form 
nearly one-third of the entire volume. 
The plan of the work is systematic and 
logical, starting as it does with the ele- 
mentary laws of electricity and mag- 
netism and leading directly to the praz- 
tical applications. The elements are 
presented in the form usually given in 
text-books of physics, and the laws are 
illustrated by means of numerous, well- 
chosen problems. 

The continuous-current dynamo, both 
as generator and as motor, is trcaced 
in detail from the operator's standpoint, 
which is undoubtedly the proper one 
for the beginner. The treatment is en- 
tirely practical, only sufficient theory 
being given in the main body of the 
text to render the statements intelli- 
gible. The illustrations are taken from 
current practice and as a rule show 
modern types of apparatus. In addi- 
tion to the discussion of the separate 
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machines the authors indicate how 
these are applied to meet the demands 
of engineering practice. This involves 
a description of the auxiliary apparatus 
necessary for the proper handling of 
motors and generators, including 
switchboards, measuring instruments, 
and minor details. Following this are 
chapters dealing with storage-batteries, 
distribution, and electric lighting; thesc 
subjects are treated as fully as could 
be expected in the alloted space. 

For the more advanced student, or 
one desiring the theory of the subject, 
numerous references to standard litera- 
ture are given at appropriate places. 
The appendices, also, contain a great 
deal of instructive matter. The best 
part of this is a collection of 235 prob- 
lems of a theoretical as well as prac- 
tical nature covering the entire field of 
the book. One appendix deals with 
magnetism, another with dynamo char- 
acteristic curves, and a third with arma- 
ture windings. Sufficient space is al- 
lowed to permit a thorough treatment 
of each of these subjects. 

There is no doubt that adequate text 
on electrical engineering subjects is 
greatly needed. Of the many excellent 
available reference books, few are con- 
densed enough for use in the class room. 
The student requires to be given instruc- 
tion in such form that he grasps the 
principles and sees how they are ap- 
plied without unnecessary elaboration 
and detail. He must also immediately 
make some use of the newly-acquired 
information in order that it may be- 
come real to him. This is best accom- 
plshed by the solution of practical 
problems in connection with his studies. 
In the particulars mentioned the pres- 
ent volume is undoubtedly a text-book 
or the proper kind. When accom- 
panied by a practical laboratory course 
it will serve to give the student a good 
general idea of the scope of electrical 
engineering. The material is that ordi- 
narily given in general introductory 
lecture courses on the subject. 


Henry H. Norris. 
Ithaca, N. Y., October 13, 1906. 
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Applications for Election. 


Applications have been received by the 
Secretary from the following candidates 
for election to the INsTITUTE as Asso- 
ciates; these applications will be con- 
sidered by the Board of Directors at a 
future meeting, 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before November 23, 1906. 


5336 Jos. M. Zamoiski, Baltimore, Md. 
5337 Wm. F. Connelly, Telluride, Colo. 
5338 E. J. Cheney, Schenectady, N. Y. 
0339 С. М. Cameron, Cleveland, О. 
5340 Harry P. Wood, Urbana, Ill. 
5341 A. C. R. Yuill, Lac du Bonnet, Can. 
5342 Allen L. Snyder, Seattle, Wash. 
5343 Abel Beulé, Jackson, Miss. 

0344 W. R. Carman, New York City. 
5345 Howard C. Kendall, Milford, O. 
0346 E. A. Stevens, Jr., N. Y. City. 
5347 W. S. Bralley, Schenectady, N. Y. 
5348 R. N. C. Barnes, Brookline, Mass. 
5349 Fred. I. Manvel, Pittsfield, Mass. 
5350 D. H. Plank, Schenectady, N. Y. 
5351 Geo. M. Dyott, Pittsburg, Pa. 
5352 Edward W. Goffin, Lynn, Mass. 
5353 Harry B. Hussey, Syracuse, N. Y. 
5354 Wm. C. Yates, Schenectady, N. Y. 
5355 T. D. Waring, Perth Amboy, N. J. 
5356 J. H. Cunningham, Schenectady. 
5357 Fred’k A. Gaby, Toronto, Ont. 
5358 John R. Frew, Fort Wayne, Ind. 
5359 T. W. Husberg, E. Pittsburg, Pa. 
5360 A. B. Lawrence, Schenectady, N.Y 
5361 T. L. Phillips, Batavia, N. Y. 
0362 Ernest B. Shattner, London, Eng. 
5363 Wm. H. Bristol, Hoboken, N. J. 
0364 Geo. I. Rhodes, New York City. 
0365 Wm. H. Batt, Jr., Philadelphia, Pa 
5366 C. E. Eveleth, Schenectady, №. Y. 
5367 Lynne W. Eddy, St. Paul, Minn. 
5368 Louis S. Horton, Anderson, S. C. 
5369 Morland King, Schenectady, N. Y. 
0370 H. W. Protzeller, Schenectady. 
0371 C. D. Lindridge, New York City. 
5372 W. S. Moody, Schenectady, N. Y. 
5373 Claude W. Place, Schenectady. 
5374 Oscar Erisman, Schenectady, N. Y 
50375 W. H. Evans, Stockton, Cal. 
5376 W.W. Faust, Richmond Hill, N. Y. 
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5377 Н. A. Kidder, Schenectady, №. Y. 
5378 A. W. Cole, W. Lafayette, Ind 
5379 Geo. W. Alder, Brooklyn, N. Y. 
5380 K. J. Girdwood, El Oro, Mexico. 
5381 Edward L. Farrar, Pittsfield, Mass 
5382 A. S. Hegeman, Brooklyn, N. Y. 
5383 R. DeV. Hope, Jr., Brooklyn, N.Y 
5384 J. J. Linebaugh, Schenectady , N. Y 
0385 К. Н. Mitchell, Brooklyn, №. Y. 
5386 Jas. M. Wiley, Brooklyn, N. Y. 
5387 Thos. N. Lide, Wilkinsburg, Pa. 
5388 Arlin D. Miller, Reno, Nev. 
5389 Charles S. Peters St. Louis, Mo. 
9390 Arthur Allard, Mexico City, D. Е. 
5391 S. C. Ghosh, Madhupur, India. 
5392 Albert N. Palmer, Pawtucket, В.І. 
5393 Owen E. Proud, New York Cit y. 
0394 Edwin E. Kimball, Schenectady, 
0395 A. W. F. McE wan, Rossland, B. C. 


Total, 60. 


Personal. 

Professor Dugald C. Jackson will as- 
sume charge of the electrical engincering 
department of the Massachusetts Insti- 
tute of Technology at Boston, on Feb. 
1, 1907. 


Mr. C. B. Mahaffey has resigned his 
position as engineer of the Denver oflice 
of the General Electric Co., and entered 
the service of Curtis and Hine of Colo- 
rado Springs, as electrical engineer. 


Mr. Frank H. Taylor, formerly first 
vice-president of the Westinghouse Elec- 
tric and Mfg. Co. of Pittsburg, has re- 
turned from an extended trip abroad. 
Mr. Taylor is now vice-president of the 
Yale & Towne Mfg. Co. of Stamford, 
Ct., and 9 Murray Street, New York. 


Mr. Horatio A. Foster, who has been 
located in Philadelphia for several 
years, is now associated with Lewis B. 
Stillwell as resident engineer in Balti- 
more where he will be in immediate 
charge of the work under the contract 
made by Mr. Stillwell with the United 
Railways and Electric Company. 
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Obituary. 


Mercil, Benoni E., elected Associate 
June 15, 1904; engineering department, 
American Telephone and Telegraph Co., 
18 Dey St, New York City. Died, 
March 28, 1906. 

Okamoto, Keitaro, elected Associate 
Sept. 25, 1903; chief engineer, Suirioku 
Denki Kaisha Wakayama, Japan. Died, 
December 7, 1905. 

Parker, Capt. Charles Foster, elected 
Associate May 19, 1903; in charge in- 
struction of Electrician Sergeants, Fort 
Totten, Willets Point, N. Y. Died, 
May 7, 1906. | 

Cassier, Louis, elected Associate Au- 
gust 17, 1904; editor Cassier’s Maga- 
zine, 3 West 29th St., New York City. 
Died, June 30, 1906. 

Lloyd, John E., elected Associate Jan- 
uary 22, 1896; transferred to Member, 
March 25, 1896; chief engineer and gen- 
eral manager, Cape Town Tramways, 
Cape Town, S. A. Died, January, 1905. 

Spier, Charles L., elected Associate 
February 27, 1903; vice-president, S. I. 
Midland R.R. Co., 26 Broadway, New 
York City. Died May 7, 1906. 

Bragg, Charles A., elected Associate 
September 20, 1893; manager, Phila- 
delphia Agency, Westinghouse Electric 
and Mfg. Co., 708 Land Title Building, 
Philadelphia, Pa. Died, July 29, 1906. 


September Meeting. 


At the meeting of the INstITUTE held 
September 28, the first paper was by 
Frederick Bedell of Ithaca and E. B. 
Tuttle of Pittsburg, on the ‘ Effect of 
Iron in Distorting Alternating-Current 
Wave Form.” The author of the second 
paper, ‘“ Тһе Current Transformer," 
was Kenneth L. Curtis of Leland Stan- 
ford, Jr., University, California. In the 
absence of Mr. Curtis, his paper was 
presented in abstract by A. S. McAllis- 
ter of New York. These papers 
were discussed by Charles P. Stein- 
metz and L. T. Robinson of Schenec- 
tady, and W .S. Franklin of Bethlehem, 
Pa. The Inaugural Address was of 
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course by President Sheldon of Brook- 
lyn. Still this event will go down into 
history as a meeting in New York City. 


October Meeting. 


The 210th meeting of the INSTITUTE 
will be held in the Assembly room of 
the New York Edison Company, 44 
West 27th Street, New York, on Fri- 
day, October 26, 1906, at 8:15 p.m. Dr. 
Lee De Forest, Associate A. I. E. E., 
scientific director and vice-president . 
of the De Forest Wireless Telegraph 
Company, will present a paper entitled, 
“ The Audion, a New Receiver for Wire- 
less Telegraphy.”’ 


Other Societies. 


The Executive Committee of the Na- 
tional Electric Light Association has 
decided to transfer its headquarters 
from 136 Liberty Street, New York, to 
the Engineers' Building, 33 West 39th 
Street. 


Out of five papers printed in the 
September issue of the Journal of the 
Institution of Electrical Engineers, four 
emanated from the local sections at 
Glasgow, Manchester, Leeds, and New- 
castle. 


The American Society of Mechanical 
Engineers, according to an announce- 
ment contained in the September Pro- 
CEEDINGS, will hereafter issue that pub- 
lication monthly for ten months. Ar- 
rangements are now being made for 
the annual meeting to be held in New 
York City, December 5 to 7. 


The Illuminating Engineering Society 
iS gaining in membership rapidly on its 
basis of local sections. The Pittsburg 
section was organized September 12 
with an enrolment of 60 members, and 
a New York section has now been formed 
in order to place the entire society upon 
a uniform footing. 
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Officers and Board of Directors, 1906-1907. 


PRESIDENT. 


Tcrm expires 1907. 
SAMUEL SHELDON, Brooklyn, N. Y. 


JUNIOR PAST-PRESIDENTS. 
JOHN W. LIEB, JR., New York, N. Y. SCHUYLER 5. WHEELER, Ampere, №. J. 


VICE-PRESIDENTS. 


Term expires 1907. Term expires 1908. 
CHARLES A. TERRY, New York, N. Y. A. H. ARMSTRONG, Schenectady, N. Y. 
TOWNSEND WOLCOTT, New York, №. Y. FRANK G. BAUM, San Francisco. Cal. 
GANO S. DUNN, Ampere, N. J. Н. Н. HUMPHREY, St. Louis, Mo. 
MANAGERS. 
7 Term expires 1907. Term expires 1908. 
C. O. MAILLOUX, New York, N. Y. CUMMINGS C. CHESNEY, Pittsfield, Mass. 
HENRY G. STOTT, New York, N. Y. BANCROFT GHERARDI, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. CALVERT TOWNLEY, New Haven, Conn. 
LOUIS A. FERGUSON, Chicago, IN. CHARLES L. EDGAR, Boston, Mass. 
Term expires 1909. 
JOHN J. CARTY, New York, N. Y. A. M. SCHOEN. Atlanta, Ga. 
PAUL M. LINCOLN, Pittsburg, Pa. PAUL SPENCER, Philadelphia, Pa. 
TREASURER. 


Term expires 1907. 
GEORGE A. HAMILTON, New York, N. Y. 


SECRETARY. 


Term expires 1907. 
RALPH W. POPE, New York, N. Y. 


PAST-PRESIDENTS. 


NORVIN GREEN, 1884-5-6. LOUIS DUNCAN, 1895 6-7. 
FRANKLIN L. POPE, 1936-7. FRANCIS B. CROCKER, 1897-8. 
T. COMMERFORD MARTIN, 1887 8. A. E. KENNELLY, 1898-1900. 
EDWARD WESTON, 1888 9. CARL HERING, 1900-1901. 
ELIHU THOMSON, 1889 90. CHARLES P. STEINMETZ, 1901-2 
W. А. ANTHONY, L890 91. CHARLES Р. SCOTT, 1902-3. 
ALEX. GRAHAM BELL, 1891-2. BION J. ARNOLD, 1903-4. 
FRANK J. SPRAGUE, 1892 3. JOHN W. LIEB, JR., 1904-5. 


EDWIN J. HOUSTON, 1893 4 5. SCHUYLER 5. WHEELER., 1905-6. 


GENERAL COUNSEL, 
PARKER and AARON, New York, N. Y. 
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Standing Committees. 


EXECUTIVE COMMITTEE. 


SAMUEL SHELDON, Chairman, 
Polytechnic Institute, Brooklyn, N. Y. 
JOHN J. CARTY, New York. N. 
GEORGE A. HAMILTON, New York, N. Y. 
RALPH W. POPE, New York, N. Y. 
HENRY G. STOTT, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 
CALVERT TOWNLEY, New Haven, Conn. 


COMMITTEE ON FINANCE. 


JOHN J. CARTY, Chairman, 

18 Cortlandt St.. New York, М. Y. 
GANO S. DUNN, Ampere М. J. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON PAPERS, 


HENRY G. STOTT, Chairman, 

600 W. 59th St., New York, N. Y. 
BERNHARD A. BEHREND, Norwood, О. 
HENRY A. LARDNER, New York, N. Y. 
PAUL M. LINCOLN, Pittsburg, Pa. 

E. WILBUR RICE. JR,, Schenectady, N. Y. 


BOARD OF EXAMINERS. 


WILLIAM MAVER, R.. Chairman, 

136 Liberty St.. New York, N. Y. 
H. FLEETWOOD ALBRIGHT, New York, N. Y. 
FRANK W. ROLLER. New York, N. Y. 
LEWIS B. STILLWELL, New York, N. Y. 
TOWNSEND WOLCOTT, New York, N. Y. 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 

120 Broadway, New York, N. Y 
EDWARD CALDWELL, New York, N. Y. 
CHARLES F. CHANDLER, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 

F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. 


THOMAS J. JOHNSTON, Chairman, 

11 Pine St., New York, N. Y. 
GANO S. DUNN. Ampere, N. J. 
CECIL P. POOLE, New York, N. Y. 


Special Committees. 


COMMITTEE ON INCREASE OF MEMBERSHIP. 


PERCY H. THOMAS, Chairman, 

220 W. 29th St., New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
AINSLIE A. GRAY, New York, N. Y. 
FREDERICK L. HUTCHINSON, New York, 
EDWIN H. SEAMAN, New York, N. Y. 


HIGH-TENSION TRANSMISSION COMMITTEE. 


RALPH D. MERSHON, Chairman, 
60 Wall St., New York, N. Y. 
FRANK G. BAUM, San Francisco, Cal. 


FRANCIS O. BLACKWELL, New York. N. Y. 


CUMMINGS C. CHESNEY, Pittsfield, Mass. 
M. H. GERRY, JR., Helena, Montana. 
PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 

379 E. 56th St., Chicago, Ill. 
WILLIAM W. DEAN, Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y. 


NATIONAL ELECTRIC CODE COMMITTEE, 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, М. Y. 
JOSEPH C. FORSYTH, New York, N. Y. 
A. M. SCHOEN, Atlanta, Ga. 
GEORGE F. SEVER, New York, N. Y. 
Н. A. SINCLAIR, New York, М. Y. 
ARTHUR WILLIAMS, New York, N. Y 
CHARLES J. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Ill. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER B. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. 

DAVID B. RUSHMORE, Schenectady, N. Y. 


H. WOODBURY, Boston, Mass. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 
Columbia University, New York, N. Y. 
ARTHUR W. BERRESFORD, Milwaukee, Wis. 

DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge, Mass. 
C. О. MAILLOUX, New York, N. Y. 
ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg, Pa. 
HENRY G. STOTT, New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, М. ae 
SAMUEL W. STRATTON, "Washington, D. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW. 


C. O. MAILLOU X, Chairman, 

76 William St., New York, N. Y. 
ALBERT H. ARMSTRONG, Schenectady, N. Y. 
CLAYTON W. PIKE, Philadelphia, Ра. 
PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


BUILDING FUND COMMITTEE. 


T. COMMERFORD MARTIN, Chairman, 
114 Liberty St., New York, N. Y. 
OHN C. BARCLAY, New York, N. Y. 
OHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR., New York. N. Y. 
FRANK J. SPRAGUE, New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION, 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
HORATIO A. FOST ER. Baltimore, Md. 
PHILIP G. GOSSLER., New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 
SCHUYLER SKAATS WHEELER, Chairman, 


Ampere, N. J. 
HAROL Ту W. BUCK, New York, N. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y 
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Local Secretaries. 


AMES, IOWA.— ADOLPH SHANE, 
Iowa State College. 


ANN ARBOR, MICH.—B. F. BAILEY, 


University of Michigan. 


ATLANTA, GA.—W R. COLLIER, 
7 230 Lawton Street. 


BALTIMORE, MD.—CHAS. G. EDWARDS. 


Electrical Commission, City Hall. 


BETHLEHEM, PA. — WILLIAM ESTY, 


Lehigh University. 


BOSTON, MASS.—H. D. JACKSON, 
83 Newbury Street. 


BOULDER, COL.—A. J. FORBESS, 


University of Colorado. 


CHICAGO, ILL.--C. E. FREEMAN, 


Armour Inst. of Technology. 


CHICAGO, ILL.—H. R. KING, 
Western Electric Со. 


CINCINNATI, O.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


COLUMBIA, MO.— D. W. RICHARDS. 
University of Missouri. 
COLUMBUS, 0.--F. E. BEUTLER, 
Ohio State University. 


COLUMBUS, O.—H L. COOK, 
Engineers’ Club. 


FAYETTEVILLE, ARK.- -L. S. OLNEY, 


University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 


Sibley College, Cornell Universit v. 


LAFAYETTE, IND.—J. W. ESTERLINE, 
Purdue University. 


MADISON, WIS.—GEORGE C. SHAAD, 


University of Wisconsin 


PHILADELPHIA, PA.—H. F. SANVILLE. 
710 Girard Trust Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—-S. Н. BLAKE, 
Stanley G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —G. L. EVANS, 


Washington Universit y. 


ST. LOUIS, MO.—A. S. LANGSDORF, 


Engineers’ Club. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. Н. BABCOCK, 
1216 Webster St., Oakland. 


SCHENECTADY, М. Y.—E. E. CREIGHTON, 


General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Strect. 


STATE COLLEGE, PA.—H. L. FREDERICK., 


Pennsylvania State College. 
SYRACUSE, N. Y.—W. P. GRAHAM, 


Syracuse Universit y. 


TORONTO, ONT.-—R. G. BLACK, 
Toronto El. Lt. Co. 


URBANA, ILL.—MORGAN BROOKS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS, 
" The Northampton.” 


WORCESTER, MASS. —A. T. CHILDS, 
Worcester Poly. Inst. 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Svdnev, N. S. W. 


H. Р. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WM. B. HALE, 
Arvo de San Agustin 8, City of Mexico. 


CLARE F. BEAMES, 


{for Porto Rico and West Indies.] 
San Juan, P. К. 


W. G. T. GOODMAN, 
Dunedin, New Zealand. 


-— 
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LOCAL ORGANIZATIONS —DIRECTORY. 


Worcester Polytechnic Institute, 
Mar. 25, '04 


STUDENT MEETINGS. 
Armour Institute. . Feb 
Ohio State Univ. . ..Dec 


Penn. State College.Dec 
Univ. of Arkansas.. Mar 
Univ. of Colorado. Пес 
Univ. of Michigan.. Mar 


Univ. of Missouri. ..Jan 
Washington Univ. ..Feb 


26. 
20, 
20, 
25. 


A. P. Chapman. 

C. E. Freeman 
H.C. Bartholomew 
C. L. Christman 
W. N. Gladson 
Kenneth Barry 


H. B. Shaw 
A. S. Langsdorf 


A T.Childs 


C. E. Freeman 


F. E. Beutler 


H. L. Frederick 
L. S. Olney 

A. J. Forbess 
Benj. F. Bailey 


D. W. Richards 
G. L. Evans 


Branches Organized. Chairman. Secretary. Branch Meets. 
BRANCHES. 
Atlanta............Jan. 19, '04| A. M. Schoen. W. R. Collier. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Boston . . Feb. 13, '03| C. A. Adams. H. D. Jackson. 1st Wednesday. 
Chicago................. 1893 | Kempster B. Miller. H. R. King. Ist Tuesday after 
N. Y. meeting. 
Cincinnati.........Dec. 17, '02| G. S. Reno. L. Lowenberg. 
Columbus......... Dec. 20, '03 | Е. W. C. Bailey. Н. L. Cook. Ist Mondays. 
Minnesota.......... Apr. 7, '02| Edward P. Burch. Barry Dibble. Ist Friday after 
N. Y. meeting. 
Pittsburg.......... Oct. 13, '02 | H. W. Fisher. H. D. James. 2d Tuesday. 
Pittsfield..........Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 
Phi'adelphia....... Feb. 18, '03 | W. C. L. Eglin. H. F. Sanville. 2d Monday. 
San Francisco...... Dec. 23, '04 | G. L. Cory. A. H. Babcock. 
Schenectady....... Jan. 26, '03 | D. B. Rushmore. E. E. F. Creighton. | 2d Wednesday. 
Seattle... ......... Jan. 19, '04 | C. E. Magnusson. W. S. Wheeler. 2d Tuesday. 
St. Louis. ......... Jan. 14, '03 | H. H. Humphrey. A. S. Langsdorf. 2d Wednesday. 
Toronto. ......... Sept. 30, '03 | R. G. Black. 2d Friday. 
Washington, D. C.. Apr. 9, '03. | E. B. Rosa. Philander Betts. lst Thursday. 
UNIVERSITY BRANCHES. — — 
Cornell University. Oct. 15, '02 | E. L. Nichols. H. H. Norris. Ist Friday after 
М. Y. meeting. 
Iowa State College. .Apr. 15, '03 | Е. A. Fish. Adolph Shane. Ist Wednesday. 
Lehigh University. Oct. 15, '02 | Wm. S. Franklin. William Esty. 3d Thursday. 
Purdue University. .Jan. 26, '03 | C. P. Matthews. J. W. Esterline. Every Tuesday. 
Syracuse University Feb. 24, '05 | W. P. Graham. W. P. Graham. кыы 3d Thurs- 
ya. 
Univ. of Wisconsin.Oct. 15, '02 | H. H. Scott. George C. Shaad. Every Thursday. 
Univ. of Illinois. ...Nov. 25, '02| W. Н. Williams. Morgan Brooks. 


3d Monday 


Every Tuesday 


evening 
Every Wednesday 
Ist & 3d Tuesdays 


Ist and 3d Wednes- 
days 


Ist and 3d Fridays 
Ist Wednesday 
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MINUTES OF MEETINGS OF THE INSTITUTE. 


— —Ó— —MÀ — 


Meeting of the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS, held in the Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New York, Fridav evening, 
September 28, 1906. President Sheldon called the meeting to 
order at 8:30 o'clock. 

The Secretary announced that at the meeting of the Board 
of Directors held during the afternoon there were 191 Associates 
elected, as follows : 

ABSHAGEN, WiLLIAM, Constructing Engineer, Gould W. A. Turbavne. 


Storage Battery Co., 1 West 34th St., New A. S. Hubbard. 
York City. W. E. Winship. 


ADAMS, JOHN BELDEN, Manager Electric Cable De- R. A. Widdicombe 
artment, Waterbury Co., 69 South St., New A. P. Peck. 


“ork City. _ Rudolph Miehling. 
ARMSTRONG, JAMES C., Construction Engineer, Tellu- P. N. Nunn. 
ride Power Co., Provo, Utah. O. B. Suhr. 


V. G. Converse. 


AsPNES, EiviND A., Engineer and General Manager, С. Н. Chalmers. 
Montevideo Electric Light and Power Co., Truman Hibbard. 
Montevideo, Minn. R. W. Pope. 


Bacon, Erris HarToN, Assistant Regulator, New К. C. Watson. 
York gs Co. Waterside Station, New W. Н. Lawrence. 
York City; res., 1007 Hancock St., Brooklyn, H. W. Leitch. 
N.Y 


BakER, HENRY STEVENSON, Engineer, Westinghouse H. P. Davis. 
Elec. and Mfg. Co., Pittsburg; res., 1265 Penn C. Е. Scott. 
Ave., Wilkinsburg, Pa. C. E. Downton. 

BARKLEY, JAMES ALLEN, General Manager, Port Morgan Brooks. 
Elizabeth Electric Tramway Co., Port Eliza- R. B. Owens. 
beth, South Africa. R. S. Feicht. 


BARKER, Ковект Jay, Electrical Engineer, Westing- E. b. Doty. 
house Electric and Mfg. Co., Ellicott Square, C. E.S inner. 


B fialo, N. Y. J. E. Matteer. 

BaRNWELL, \МиллАМ HaBERSHAM, Electrical In- A. M. Schoen. 
spector, South Eastern Tariff Association, J. B. Danforth. 
NI4 Ist National Bank Bidg., Birmingham, I. F. McDonnell. 
Ala. 


BeGoLE, Josuta FRANKLIN, Electrical Engineer, G. P. Cole. 
Wagner Electric Mfg. Co., res; 1406 Euclid W. A. Lavman. 
Ave., St. Louis, Mo. A. H. Timmerman 
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BENDHEIM, BERTHOLD HERBERT, Student, Cornell 
University, 102 Highland Pl. Ithaca, N. Y. 


Boorse, Jesse M., Engineer on Construction, Omaha 
Electric Light and Power Co.; геѕ., 825 Park 
Ave., Omaha, Neb. 


BovsTEAD, JAMES TiMoTHY, President, Electric Ma- 
chinery Co.; res., Calhoun Boulevard, Min- 
neapolis, Minn. 


BRANDAO, BENJAMIN, Electrical Басет Empresa 
Forca e Luz de Pouso Alegre, Bello Horizonte, 
State of Minas, Brazil. 


Вкооснтом, HaRorp Hopcxinson, Electrical Engi- 
neering Department, Technical College, Brigh- 


ton, England. 
BUCHANAN, CHARLES C., Switchboard Inspector, 
General Electric Co.; res, 13 Eagle St, 


Screnectady, N. Y. 


BUFFINGTON, RICHARD LYELL, 
ways Co., Connelsville, Pa. 


West Penn Rail- 


BULKELEY, CrLAvDE AvucusTUS, Inspector U. S. 
Treasury Department, Washington, D. C; 
209 Custom House, St. Louis, Mo. 

Bumpass, WALTER LeEonarp, Electrician, Duncan 


Light and Power Co., Duncan, I. T. 


Operator of Auto- 
. Herrick, Ridge- 


BovpEN, CLARENCE GILBERT, 
graphic Test Car, with А. 
wood, N. J. 


CAHILL, THADDEUS, Cabot Street Mill, Holyoke, Mass. 


Cannon, Roscoe SHERWOOD, Superintendent, Ca- 


tawba Power Co., Rock Hill, S. С. 


CASTLE, ARTHUR Cowrrs, District Engineer, West- 
inghouse Electric and Mfg. Со.; res, 329 
Lehigh Ave., E. End, Pittsburg, Pa. 


CHAPMAN, ALBERT Percy, Student, Worcester Poly- 


technic Institute; res., 45 Institate Road, 
Worcester, Mass. 
CHATFIELD, CLARENCE Epwarp, Student, Cornell 


University; res., 614 E. State St., Ithaca, N.Y. 


CHURCHILL, CLARENCE EVERETT, Electrician. General 
Electric Co.; res., 83 Vine St., Lynn, Mass. 


CoFFMAN, CHARLES Henry, Electrical Engineer, 
National Telephone and Electric Co., Clinton, 
Ill. 


COOLIDGE, FREDERIC AUSTIN, Junior Electrical En- 
gineer, Otis Elevator Co, Yonkers, N. Y. 
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H. H. Norris. 
Н. Н Cochrane. 
V. Karapetoff. 


Н A. Holdrege. 
‚ С. Wray. 
. С. Jackson. 


C. L. Pillsbury. 
Truman Hibbard. 
G. D. Shepardson. 


R. N. Williams. 
M. A. Ovdin. 
J. J. Oolgardt. 


Wm. Maver, Jr. 
H. A. Lardner. 
T. Wolcott. 


A. S. Kapella. 
L. B. Spinney. 
D. W. Bissel. 


L. O. Veser. 
. W. Bridge. 
. W. Brown. 


W. A. Blanck. 
L. A. Ferguson. 
H. E. Niesz. 


R. W. Pope. 
Wm. Maver, Jr. 
F. L. Hutchinson.. 


A. B. Herrick. 
A. S. Richey. 
E. C. Bovnton. 


T. C. Martin. 
G. H. Guy. 
W. D. Weaver. 


W.S. Lee, Jr. 
F. D. Sampson. 
J. W. Fraser. 


R. D. De Wolf. 
F. Scott. 
M. Kintner. 


. B. Smith. 
O. Phelon. 
D. Knight. 


. H. Norris. 
. L. N.chols. 
T. Walbran, Jr. 


E. Bover. 
. M. Bradley. 


E. Alkins. 

af Dommerque.. 
. Edwards. 

5. Winston. 


G. Young. 
B. Manville.. 
W. Newell. 


MOO Com erin Ctm Gam ЮС; 
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Cor!n, WILLIAM, City Electrical Engineer, Municipal J. T. Wolfe. 
Council, Town Hall, Launceston, Tasmania. . Rooke. 
H.R. Harper. 


CowLEv, THOMAS Puicip, Electrical Engineer, Chi- С. A. Damon. 
cago Telephone Co., 203 Washington St., Morgan Brooks. 
Chicago, Ill. C. A. Dresser. 


Cox, Davip CHAMBERS, Seed ы Agent, New York 5 J. Cartv. 
Telephone Co., 15 Dey New York City. J. N. Bethell. 
H. F. Thurber. 


CRANE, Jos. Baird, Assistant Foreman Testing De- E. B. Raymond. 
prennent) General Electric Co., Schenectady, W. L. Robb. 


E. F. Collins. 

Crouse, Joun RosBert. Promoter, Coóperative Elec- J. M. Wakeman. 
trical Development Association, 1814 45th St. T. С. Martin. 

N. E.. Cleveland. O. W. En Weaver. 

DarLas, RoBERT E., Uniced Gas Improvement Co., M. G. Kennedy. 
Broad and Arch Sts., Philadelphia, Pa. С De Long. 


aul Spencer. 


DaNiELS, Tuomas Epwarp, JR. Chief Electrician, W. А. Rosenbaum. 
Logan Municipal Electric Light Plant, Logan, К. Е. Hayward. 
Utah. A. L. Woodhouse. 


Davipson, RoBERT NEWMAN, Superintendent, Park К. W. Pope. 
City Light, Heat and Power Co., Park City, С. Р. Matthews. 
Utah. ‚Н. Н. Norris. 


DEL Rio, CARLos, Acting Resident Engineer, Mexican J. M. Garza. 
Central Railroad, Tampico, Mexico. А.Е. Ganz 
D. S. Jacobus 


DENNINGTON, ARTHUR Roscoe, Instructor in Electri- J. P. Jackson. 
cal Engineering. Pennsylvania State College. n . Wood. 
State College, Pa. . Jackson. 


DE STA CECILIA, JOSE, Trajano de Medeiros & Co., R. N. Williams. 
Rua General Camara No. 65, Rio de Janeiro. M. A. Oudin. 
J. J. Oolgardt. 


DeEsBLEDS, EpovaRD Marc, Surveyor and Clerk of Wm. Maver, Jr. 
Works, Public Works Department, Curepipe, R. W. Pope. 
Mauritius. F. L. Hu nason 


DEVENDORF, WILLIAM FREDERICK, Development En- Gilbert Crossman. 
gineer, Western Electric Co.; res., 156 East G. H. Hodges. 


60th St., New York City. C. A. Berry. 
Dopps, SaMUEL RENwickK, Instructor, Cornell Uni- Н. Н. Norris. 
versity, Ithaca, N. Y. | V. Кагареїсії. 

К. W. Pope. 


Dv Bots, DELAFIELD, Assistant Engineer, General D. B. Rushmore. 
Electric Co.; res., 514 Smith St., Schenectady, A. E. Kennelly. 
oY С. A. Adams. 


ЕнквАк, Lovis Harvey, Engineer, Subway Con- G. С. Allen. 
struction, New York Telephone Co., 15 Dey J. S. McCulloh. 
St., New York City. . C. Carpenter. 


EvERETT, CHARLES Epwarp, Electrical Operator, Е.Е. Grevatt. 
Subway Station, Interborough Rapid Transit С. W. Ricker. 
Co., New York City; res, 490 Hancock St., W. P. Poynton. 
Brooklyn, Му Уз 
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FEUERSTEIN, SIEGMUND, Mechanical and Electrical F. Н. Coble. 


Engineer, Rochester and Southern Construc- 
tion Co., 20 Exchange St., Rochester, N. Y. 


FERGUSON, JOHN, Partner, McLaren and Ferguson; 
res., 43 Dalhousie St., Glasgow, Scotland. 


De- 
exas. 


FERRIN, EDWARD, EUGENE Foreman, Installin 
partment, Western Electric Co., Dallas, 


FRIEDRICH, Oskar, Draughtsman, New York Edison 


H. L. H. Smith. 
S. A. Spalding. 


Hugh Ledward. 
A. Р. Zani. 
R. W. Pope. 


A. S. Lindstrom. 
Wilton Bentley. 
H. A. Rhodes. 


C. P. Goepel. 


Co. 57 Duane St.; res, 14 West 120th St., S. D. Sprong. 


New York City. 


FIELDING, GEORGE THOMAS, ae 
Co.; res., 7 No. College St., Schenectady, N. Y. 
FINLAY, WALTER STEVENSON, JR., Assistant Engineer 
to Superintendent, of Motive Power, Interbor- 
ough Rapid Transit Co., New York City 


FirMAN, Leo Dorsey, Assistant Inspector of Electric 
Lighting, Electrical Bureau; res., 1730 Girard 
Ave., Philadelphia, Pa. 


FircH, Derick H., eg Cazenovia Telephone 
Co., Cazenovia, N. Y. 


Fracc, Ray, Electrical Engineer’s Assistant, Wagner 
Electric Mfg. Co., 2017 Locust St., St. Louis, 
Mo. 


FLEMING, раме, J., Electrical Engineer, Allis- 
Chalmers Co.; res., 643 Astor St., Milwaukee, 
Wis. - 

Fonp, Joux Howanp, Mani'a, P. I. 


Consulting Engineer, Tokvo 


Fujioka, ICHISUKE, 
res., 56 Zaimokucho, 


Street Railway Co.; 
Azubu, Tokyo, Japan. 


GALLAGHER, LAURENCE J., Science Department, 
Wadleigh High School, New York City; res., 
147 First St., Troy, N. Y. 


GALLUP, MILTON PALMER, Electrical Assistant, United 
States Signal Service; res., 1618 T St., N. W., 
Washington, D. C 


GARRARD, CHARLES CORNFIELD, Engineer, Ferranti 
Ltd., Hollinwood, Lancashire; res., 34 Belgrave 
Road, Failsworth, Manchester, Eng. - 


GATES, SAMUEL ELvERTON, Testing Department, Gen- 
eral Electric Co.; res., 1022 State St., Schen- 
ectady, N. Y. : 

GoopwiN, WILLIAM NELSON, JR., Chief Electrical En- 
gineer, Weston Electric Instrument Co., Wa- 

verley Park; res., 129 Steuben St., East Orange, 


| 
Ф . 


Goss, Howarp Dana, Tester, Western Electric Co.; 
res., 1536 Ogden Ave., Chicago, Ill. 


O. L. J. Schier. 
General Electric D. B. Rushmore. 


R. W. Pope. 
P. P. Spaulding. 


H. G. Stott. 
C. W. Ricker. 
G. F. Chellis. 


A. J. Rowland. 
N. J. Neall. 
J. W. Kelly, Jr. 


R. W. Pope.. 
F. W. Jones. 
T. C. Martin. 


C. P. Matthews. 
A. H. Timmerman 
W. A. Layman. 


Richard Fleming. 
H. E. Heath. 
G. H. Stickney. 


William Esty. 
W. S. Franklin. 
S. S. Seyfert. 


W. D. Weaver. 
T. С. Martin. 
G. A. Harris. 


. N. Williams. 
P. Steinmetz. 
. E. Murray. 


E. Whiton. 
. A. Klock. 
. W. Pope. 


P. Thompson. 
Z. de Ferranti. 
. B. Field. 


. P. Matthews. 
J. W. Esterline. 
J. €. Kelsey. 
Edward Weston. 
R. B. Owens. 

W. Н. Browne, Jr. 


mU uuo dox 


Ci 


M. M. Fowler. 
L. B. Spinney. 
S. D. Coffin. 
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GRAUTEN, SYLVESTER HENRY, Student, University of 
Illinois, Champaign; res., 844 Warren Ave., 
Chicago, Ш. 


Gray, ALEXANDER MILLER, Engineering Office, Bul- 
lock Electric Mf:. Co., Cincinnati, О. 


Department, 
wissvale, Pa. 


Gray, Maurice LeELanp, Engineerin 
Union Switch and Signal Co., 


Haccerty, Henry Davip, Assistant Foreman of 
Station Construction, New York Edison Co.; 
res., 718 Trinity Ave., New York City. 


HaLcoMBE, WALTER PEARCE, Engineer and Salesman, 
Frank Adam Electric Co.; res., 3739 Windsor 
P1., St. Louis, Mo. 


Harkness, WILLIAM Epwanp, Telephone Engineer, 
Western Electric Co.; res., 1329 W. Adams 
St., Chicago, Ill. 


Hart, A. SruDLEv, Special Solicitor, Putnam Light 
and Power Co., Industrial Trust Bldg., Provi- 
dence, R. I. 


HartMan, GEORGE, Superintendent of Electric Power 
House, Huronian Co., Turbine, Ont. 


HasELTON, PARKER Harvey, Salesman, Fort Wavne 
Electric Works, Fort Wayne, Ind. 


HERON, CHARLES ALEXANDER, Dvafsman, Indan- 
apol s Tract on & Ter.n.nal Co., Ind anapol.s, 
Ind. 

Horis, VENNING PALMER, Secretary, Hollis 
Electric Co., 311 2d Ave. So. Minneapolis, 
Minn. 

Horman, ARTHUR Exrott, Draughtsman, Pressed 


Steel Car Co., Pittsburg; res., 335 Pitt St., 
Wilkinsburg, Pa. 


Huppe, Davin FRANKLIN, JR., Electrical Engineer 
and Contractor, Bluff Сиу Electric Co., 189 
Adams St., Memphis, Tenn. 


Hutton, Ковевт ERNEST, Secretarv, Treasurer and 
Manager, Lexington Light and Power Co., Lex- 
ington, Va. 


HUMPHREY, OrMAN Browy, Consulting Engineer, 214 
Exchange St.; res., 63 Grove St., Bangor, Me. 


HvuTHSTEINER, ROBERT EpwaRD. Assistant Engineer, 
Switchboard Department, General Electric Co.; 
res., 309 Lenox Road, Schenectady, N. Y. 


IsHLER, WinLis ALDEN, Assistant Engineer, General 
Electric Co., Lynn, Mass. 


Jackson, Avucustus W.. Pacific Light and Power Co., 
254 South Los Angeles St., Los Angeles, Cal. 


(Oct. 


Morgan Brooks. 
И . Bryant. 
‚ К. Akers. 


R. В. Owens. 
Louis Herdt. 
B. A. Behrend. 


. P. Jackson. 
. H. Thullen. 
L. F. Howard. 


| W. Lieb, Jr. 
. D. Sprong. 
W. H. Hill. 


F. B. Adam. 
E. M. Archibald. 
George Wrigley. 


Theodore Dimon. 
C. E. Scribner. 
F. R. McBerty. 


A. B. Lisle. 
W. C. Woodward. 
W. B. Lewis. 


A. L. Mudge. 
R. A. Ross. 
W. L. Bird. 


F. S. Hunting. 
L. B. Spinney. 
J. A. Smith. 


C. P. Matthews. 
‚ W. Esterline. 
. T. Plumb. 


H. A. Brown. 
F. M. Holbrook. 
Edward Heitmann 


W. H. Acker. 
Walter Schmidt. 
W. M. Riggs. 


H. B. Shaw. 
A. E. Flowers 
L. C. Nicholson. 


A. M. Schoen. 
W. A. Woolford. 
Louis Duncan. 


C. M. Tolman. 
J. D. E. Duncan. 
G. L. Barton. 


C. B. Merriam. 
E. M. Hewlett. 
R. W. Pope. 


W. A. Hall. 
‚Р. Jackson. 
. E. Boyer. 


C. E. Freeman. 
L. E. Revnolds. 
George Goldman. 


1906.] NOTES AND COMMENTS. 


неа Ра.; 
res., 735 Wallace Ave., Wilkinsburg, Pa. 


JOHNSON, GEORGE FRIEDMAN, Student, Cornell Uni- 
versity, Ithaca; res., 102 Highland Place, Ithaca, 
М.Ү. 


Joy, WirLiAM Macy, Electrical Engineer, Trinidad 
ae Co., Ltd., Port of Spain, Trinidad, 
B. W. I. 


Jupson, CLARENCE Howarp, Chief Engineer, Inde- 
он Telephone Co., 1115 4th Ave., Seattle, 
Vash 


KELLEY, JOHN, Student, Westinghouse Electric and 
Mfg. Co., Pittsburg; res., 918 Ross Ave., Wil- 
kinsburg, Pa. 

KENT, WALTER, Inspector, Fort Wayne Electric 
Works, 924 fashington Boulevard, Fort 
Wayne, Ind. 

KINNEY, 


GEORGE Irvinc, Manager val eo. De- 
partment, Stanley б. I. Electric Mfg. Co., 406 
Atlas Bldg., San Francisco, Cal. 


КпккАко, Н. B., Sales Manager, American Loom 
Co. Chelsea, Mass.; res., 119 E. 24th St., New 
York City. 


Krass, RALPH WILLIAM, Student, Cornell University, 
Ithaca; res., 320 E. 57th St., New York City. 


KRETSCHMER, EDWARD E., Chief Clerk to General Su- 
сеза. Chicago & Oak Park Elevated 
.R..; res., 496 So. Hermitage Ave., Chicago, Ill. 


Kumpe, Kare BanRcLAyv, Chief Electrician, Seward 
Light and Power Co., Seward, Alaska. 


LANCASTER, -WILLIAM CARRINGTON, Electrical Engi- 
neer, United Engineering and Contracting Co., 
32 E. 33d St., New York City. 


LASHER, ALBERT C., Electrical Engineer, Westing- 
house Electric and Mfg. Co., Pittsburg, Pa.; 
res., 333 Pitt St., Wilkinsburg, Pa. 


Lawson, CHARLES SHELLEY, Electrical Engineer, 
Westinghouse Electric and Mfg. Co., Pittsburg; 
res., 1328 Wood St., Wilkinsburg, Pa. 


: LEHMPUHL, HERMANN FRANK, Assistant Electrical 
Engineer, Chicago and Milwaukee Electrical 
R.R. Co., Highwood, Ill. 


LESTER, BERNARD, Assistant Industrial and Power 
Department, Westinghouse Electric and Mfg. 
Co., Pittsburg, Pa. 


Lewis, GEoRGE, Construction Superintendent, J. С. 
White & Co., San Juan Light & Transit Co., 
San Juan, P. R. 


LINCOLN, EDWIN StopparRp, Electrical Engineer, 
Chas. J. Jager Co.. 281 Franklin St.. Boston, 
res., 132 Summit Ave., Brookline. Mass. 
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А Schoen. 


‚ Pope. 


T onp OII нро pis Om 


; H. Norris. 
C. F. Harding. 
R. W. Pope. 


pue Lyman. 
. E. Sunny. 
F. N. Bover. 


Wm. Anderson. 
M. R. Bump. 
C. A. Cornwall. 


A. B. Elliott. 
М.Е. M. Werth. 
W. A. Woolford. 


K. C. Randall. 
B. P. Rucker. 
S. E. Johannesen. 


S. M. Kintner. 
J. E. Mateer. 
C. E. Skinner. 


W. A. Blanck. 
ames Lyman. 
. L. Battev. 


C. F. Scott. 

C. P. Grace 

J. H. Klinck. 
H. A. Lardner. 
C. F. Beames. 

R. W. Pope. 

C. F..Scott. 

E. B. Raymond. | 
C. P 


. Poole. 
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LoRING, FRANK CARLTON, Columbia University; res., 
Mine on Hall. 115th St. & Amsterdam Ave., 
New York City. 


LovcHRipcE, C. H., Draftsman, Bureau of Filtration; 
res., Heberton Ave. and Jackson St., Pittsburg, 
Pa. 


MAETZEL, RICHARD, Engineering Department, New 
York Felephone Co., 15 Dey St., New York 
City. 

ManRioTT, RoBERT Henry, Electrical Engineer, 
American Deforest Wireless Tel. Co., 566 High 


St., Denver, Colo. 
MAUGER, SAMUEL WARREN, Assistant Engineer, 
Switchboard Department, General Electric 


Co., Schenectady, N. Y. 


Meu EpcaAR, District Manager, Pacific 
States Tel. & Tel. Co., Telephone Bldg., Walla 
Walla, Wash. 


MCGREGOR, ALEXANDER GRANT, Electrical Engineer 
Anaconda Copper Mining Co., Anaconda, Mont. 


McKinney, RoBznr F., Switchboard Operator, Gen- 
eral Electric Co.; res., 18 Eagle St., Schenec- 
tadv, N. Y. 

McNiTT, RoBERT JOSEPH, Superintendent, Acker 
Process Co.; res., 124 Third St., Niagara Falls, 
N. Y. 

MESCHENMOSER, МиллАМ F., Engineer, Kinsman 
Block System Co., 55 Dev St., New York City. 


MENDENHALL, Bayard WILLIAM, Commercial Engi- 
neer, Utah Light & Railway Co., 7 So. Main 
St., Salt Lake City. Utah. 


MILLER, James Epcar, Commercial Engineer, West- 
inghouse Electric and Mfg. Co.; res., 316 East 
End Ave., Pittsburg, Pa. 


MITCHEL, PauL E., General Superintendent Knoxville 
Railway & Light Co., Knoxville, Tenn. 


MITCHELL, WILLIAM Epwarp, Electrical Engineer, 
Sao Paulo Tramway Light and Power Co., 
Ltd., Sao Paulo, Brazil. 


Montcomery, Dupvey, Vice-president. Madison and 
Interurban Traction Co., Madison, Wis. 


Mvncas, Josepu, Inventor, 601 No. Main St., Wilkes- 
barre, Pa. 


NISHIZAKI, Sumio, Chief Electrical. Engineer, Furu- 
kawa Mine Bureau, Katsuno Chikujen, Japan. 


NEWCOMB, ROBERT Соок, Student, Cornell Univer- 
sity; res., 410 Stewart Ave., Ithaca, №. Y. 


nem GEO зли < 


[Oct. 


C. P. Matthews. 
Samuel Sheldon. 
Bancroft Gherardi 


B d 
R. W. Pope. 
I J. Carty. 


Gherardi. 
G. H. Hodges. 


C. W. Humphrey. 
R. B. Mateer. 
J. F. Dostal. 


E. B. Merriam. 
W. I. Slichter. 
E. J. Berg. 


R. W. Grav. 
Peter Yensen. 
A. E. Ransom. 


James Lyman. 
C. M. Nicholson. 
R. B. Wiliamson. 


L. B. Spinney. 
Porter Eveland. 
G. W. Bissell. 


H. J. Ryan. 
Frederick Bedell. 
H. H. Norris. 


F. E. Kinsman. 
R. W. Pope. 
Wm. Maver, Jr. 


E. H. Beckstrand. 
H. E. Clifford. 
Russell Robb. 


P. M. Lincoln. 
W. A. Dick. 
R. W. Pope. 


H. M. Beugler. 
G. H. Harris. 


^ 


. S. Glenn. 
. J. Ferguson. 
. E. Clifford. 


. H. Norris. 
Karapetoff. 
. W. Pope. 


. W. Stevenson. 

. R. Harvey. 

. €. Martin. 

Shimidzu. 
Namba. 

Kogi. 

. Н, Norris. 

. Karapetoff. 

. H. Cochrane. 


2 шо 
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NEWTON, HENRY CLEMENT, Manager, British Insula- Н. В. Harper. 
ted & Helsby Cables, Ltd.; res., 493 Collins St., William Stone. 
Melbourne, Australia. W. N. Kernot. 


NORTHRUP, Epwin S., Electrical Draftsman, Equip- Richard Fleming. 
ment Dept. Bldg., 22, N. Y. Navy Yard, E. E. Bover. 
Brooklyn, N. Y. T. K. P. Stillwell. 


NYE, RALPH Doupna, Correspondent, Westinghouse C. F. Scott. 
Electric and Mfg. Co., Pittsburg; res., 820 South F. C. Caldwell. 


Ave., Wilkinsburg, Pa. P. M. Lincoln. 
O'BEiRNE, Epwarp J., Contracting Engineer, 821 Em- B. E. Sunny. 
pire Bldg., Atlanta, Ga. F. S. Hunting. 
F. M. Laxton. 
OLMSTED, ELMER SHERIDAN, Electrical Assistant to J. W. Allen. 
Electrical Engineer, Boston Elevated Ry. Co., J. W. Corning. 
552 Harrison Ave., Boston, Mass. . H. Shuman. 
PAINTER, GEORGE M., Contractor, 423 Chamber Com- E. W. Dennison. 
merce Bldg., Chicago, Ill. Farley Osgood. 
M. W. Zabel. 


PALMER, Lew RusseLL, Assistant Electrical Superin- R. T. Stafford. 
tendent Lackawanna Steel Co.; res., 163 Lock- C. E. Gifford. 
wood Ave., Buffalo, N. Y. C. W. Underwood. 


PEARsoN, ЕрміМ RicuTer, Electrical Engineer, W. J. Davis, Jr. 
Transformer Department, General Electric W. I. Slichter. 
Co., Schenectady, N. Y. Ernst Berg. 


PHENICIE, CARROLL RuBicAM, Electrical Engineer, W. A. Blanck. 
Chicago & Milwaukee Electric R.R., Lake o Lyman. 
Forest, Ill. . L. Battey. 


PHILPOT, LAWRENCE BENJAMIN, Operator at Gen- W. S. Wheeler. 
erating Station, Vancouver Power Co.; res., age Harisberger. 
1656 Georgia St., Vancouver, B. C. . W. Brown. 


PopLEsAK, HENRY ЈОЅЕРН, Chief Consulting Engineer, Emil Podlesak. 
International Harvester Co.; res., 988 Greenfield R. B. Owens. 


Ave., Milwaukee, Wis. R. W. Pope. 
PORTER, А У Агро, Secretary Lawton Electric C. P. Matthews, 
Co.; , 320 W. 4th St., Cincinnati, O. . W. Esterline. 

. W. Pope. 


PRICE, ALDEN SHERMAN, Student Brooklyn Polytech- S. W. Ashe. 
nic Institute, Brooklyn; res., 318 W. 101st St., Samuel Sheldon. 


New York City. J. M. Russell. 
Price, Joun BErvis, Superintendent Richmond E. J. Willis. 

Electric Co., Richmond, Va. A. J. Pizzini. 

| G. A. Tower. 

PRiEsTLY, Horace, Electrical Engineer, Patea Bor- Н. C. Eddy. 

ough Council, Patea New Zealand. W.S. Turner. 


W.G. Т. Goodman 


RANDOLPH, LEWIS CARTER, Draftsman, Western Elec- E. D. Silver. 
tric Co.; res., 751 Monroe St., Chicago, Ill. Б D. Kennedy. 
W. Pope. 
Rask, Louis, Electrical Engineer, General Electric С. D. Shepardson. 
. Co.; res., 204 Union St., Schenectady, N. Y. О. J. Ferguson. 
А. 5. Kappella. 
Ray, FREDERICK LUCIEN, Superintendent of Power,C. T. Mordock. 
Stanley Rule & Level Co.; res., 83 Hart St., Abe Balslev. 
New Britain, Conn. R. W. Pope. 
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ReaD, Homer Меѕт, Installer, Sunset Telephone & 
Telegraph Co.; res., 823 Seneca St., Seattle, 
Wash. 

Rew, FRANK ALBERT, Electrical Engineer, Westing- 
inghouse Electric and Mfg. Co., Pittsburg; 
res., 333 Pitt St., Wilkinsburg, Pa. 


RIGNEY, FLEMING JAMES, Electrical Engineer, Kirby 
Lumber Co., Bessmay, Texas. 


RoDDEWIG, GEORGE WASHINGTON, Student, Cornell 
University, Ithaca, №. Y.; res., 128 W. 7th St., 
Davenport, Iowa. 


КОЕ, JuLian, Manager, Crocker Wheeler Co.; M 
4547 Michigan Ave., Chicago, lll. 


Rowe, Ernest LesLie, Electrical Engineer, 1831 
Land Title Bldg.; res., 3313 No. 20th St., 
Philadelphia, Pa. 


Rust, HARorLp Norwoop, Shepherd & Rust, Wilkes- 
barre, Pa. 


Ryan, WILLIAM CHARLES MELBOURNE, Electrical En- 
gineer; Bureau of Public Works, Manila, P. I. 


ScHERCK, Lou H., Superintendent Lighting, Superin- 
tendent Lighting Operating Dept., Ford, 
` Bacon & Davis, 24 Broad St., New York City. 


SHALLCROSS, WILMER MIDDLETON, Assistant to Chief 
Electrician, By-Products Coke Corporation, 
112th and Torrence Ave., Chicago, Ill. 


SHEPHARD, ВЕкт H., Special Agent, C.N. Y. T. & Т. 
Co. Black River, №. Y. 


SHEPPARD, ROBERT K., Sales Agent, American Steel 
& Wire Co., 809 Pennsylvania Bldg., Philadel- 
phia, Pa. 


SHREVE, EARL OWEN, Supply Salesman General Elec- 
tric Co., Union Savings Bank, Oakland, Cal. 


SIMPSON, RICHARD CHRISTOPHER, Lecturer, Technical 
College, Sydney, N. 5. W. 


SKIDMORE, JoHN James, Engineering Department, 
American Telephone & Telegraph Co., 125 Milk 
St., Boston; res., 3 Elm Hill Park, Roxbury, 
Mass. 


SMITH, Tuomas P., Assistant Chief Operator, Postal 
Telegraph & Cable Co., 253 Broadway, New 
York City; res., 146 Franklin St., Elizabeth, 


SMooT, CHarRLES Heap, Electrical Engineer, Rateau 
Turbine Co., Room 500, 215 Wabash Ave, 
Chicago, Ill. | 


[Oct. 


W.S. Wheeler. 
F. G. Simpson. 
W.S. Hoskins. 
R. S. Feicht. 
C. F. Scott. 

B. С. Lamme. 


Richard Fleming. 
E. E. Bover. | 
W. Н. Haigler. 


H. H. Norris. 
V. Karapetoff. 
C. F. Hirshfeld. 


S. S. Wheeler. 
G. S. Dunn. 
E. Heitmann. 


G. U. G. Holman. 
L. K. Perot. 
A. B. Stitzer. 


. H. Perkins. 
. R. Harvey. 
T. L. Griffin. 


L. T. Grant. 
Albert Milmow. 
R. W. Pope. 


H. M. Bevgler. 
C. W. Rice. 
C. F. Uebelacker. 


C. S. Glenn. 
W. P. Abendroth. 
E. F. Collins. 


W. W. Nicholson. 
R. W. Pope. 
B. C. Wolverton. 


. H. Hubbs. 
. F. Sanville. 
W. C. L. Eglin. 


F. E. Vickers. 
L. B. Spinney. 
A. L. Rohrer. 


E. K. Scott. 
T. P. Strickland. 
J. P. V. Madsen. 


G. W. Pickard. 
. C. Lee 
. E. Shreeve. 


L. M. Potts. 
S. B. Austin. 
H. D. Black. 


H. H. Wait. 
H. R. King. 
Robert Steck. 
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SQUIRE, WILLIAM JoHN, Manager, Squire Electric 
Co., 113 E. 8th St., Kansas City, Mo. 


STANBROUGH, DuNCAN G., Ist Class Electrical Drafts- 
man, U. S. Navy Yard, Norfolk, Va. 


STARZINGER, Отто, Salesman, Fort Wayne Electric 
Works, 325 Lincoln Trust Bldg., St. Louis, Mo. 


STAUFFER, CHRISTIAN CARROLL, Assistant Electrician 
Panama R.R. Co., 24 State St., New York City. 


STAUFFER, Henry E, Assistant Examiner, U. S. 
Patent Office, Washington, D. C. 


STEBBINS, GEORGE Arr"RED, Secretary and Erecting 
Engineer, Stebbins Engineering & Mfg. Co., 
Watertown, N. Y. 

STONEY; MALCOLM Percy, Partner, Philadelphia En- 

| e neenng Co., 530 Heed Bldg., Philadelphia, 

a. 


STURGESS, GEORGE MEYNELL, Superintendent of Elec- 
trical Department, Lackawanna Steel Co.; 
res., 67 Como Ave., Buffalo, N. Y. 


SwoBODA, ADOLPH RuDOLPH, Instructor in Electrical 
Engineering, University of Nebraska, Lincoln, 
Neb.; res., 4821 Linden St., Norwood, Ohio. 


TEWKESBURY, HERBERT PauL, Electrical 


Ackert Bickel. 
R. E. Richardson. 
J. M. Kent. 


C. E. Hardy. 
W. C. Dean. 
N. R. Stansel. 


L. B. Spinney. 
F. S. Hunting. 
C. A. Hobein. 


C. P. Matthews. 
. W. Esterline. 
. T. Plumb. 


E. E. Clement. 
C. A. Terry. 
G. H. Stockbridge. 


W. S. Aldrich. 
H. B. Dates. 
N. L. Rea. 


. W. F. Blizard. 
. W. Kelly, Jr. 
. F. Sanville. 


F. B. H. Paine. 
H. L. St. George. 
J. €. Parker. 


G. H. Morse. 
Morgan Brooks. 
F. L. Gilman. 


Meter R. B. Mateer. 


Tester, Denver Gas & Electric Co., 405 17th T. S. Richardson. 


St., Denver, Colo. 


THoMas, JAMES Ray, Superintendent, Crawfordsville 
Electric Light & Power Co.; res., 118 No. Green 
St., Crawfordsville, Ind. ° 


Harry ALBERT, Superintendent Southern 
Power Co., Fort Lawn, S. C. 


* 


TIBBS, 
TRITLE, JOHN FRANKLIN, Tester, General Electric 
Co.; res., 838 Union St., Schenectady, N. Y. 


TUDELA, GABRIEL, 88 Valladolid St., Lima, Peru. 


TuNnE, Roscoe I., Conduit Inspector, Chesapeake & 


Potomac Telephone Co.; res., 921 F St., N. E. 


Washington, D. C. 


R. W. Pope. 


C. P. Matthews. 
. W. Esterline. 
. T. Plumb. 


W. S. Lee. Jr. 
T. A. W. Shock. 
H. L. Brown. 
G. H. Hil. 

R. W. Pope. 

P. P. Spaulding. 
H. H. Norris. 
V. Karapetoff. 
R. W. Pope. 


R. M. Lee. 


‚5. B. Martin. 


J. Н. Steele. 


TvTTLE, ELBERT Barrett, Electrical Engineer, Cen- S. P. Grace. 


tral District & Printing Telegraph Co., Pitts- 
burg, Pa. 


UsugRn, GEorGE H., Su 
Cable Co., 253 Broadway, New York City. 

VANDERBILT, LEROY BROWNLEE, Assistant, Electrical 
Department, B. & O. R.R., Baltimore, Md. 


L. B. Spinney. 
Frederick Bedell. 


rintendent, Postal Telegraph M. M. Davis. 


« J. Mahoney. 

V. B. Vansize. 

J. H. Davis. 

C. P. Matthews. 

W. E. Goldsbor- 
ough. 
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VAN WAGENEN, EDWARD, Assistant to Electrical En- 
Ed Gould Storage Battery Co., Depew, 
N. Y. 


VOLK, ое A., JR., Treasurer and Superintendent, 
eed & Volk Electrical Co., So. Norwalk, Conn. 


WALKER, FERNANDO Murray, Foreign Department 
Allis-Chalmers Co., Milwaukee, Wis. 


WaLL, BENJAMIN, Assistant General Manager, Metro- 
politan Engineering Co., 1250 Atlantic Ave.; 
res., 477 Bergen St.. Brooklyn, N. Y. 


Warinc, J. M. S., Engineer, Electric Storage Battery 
Co., 1425 Marquette Bldg., Chicago, Ill. 


WARREN, WILLIAM APPLETON, President and General 
Manager, Simplex Co., Newark; res., 2 Univer- 
sitv Pl., Fast Orange, N. J. 


Watson, GEoRGE Gaytorp, Electrical Engineer, 
R. S. Masson; res., 946 Sunbury St., Los An- 
geles, Cal. 


WenpT, SAMUEL J.. Draughtsman, North Shore 
Electric Co., Evanston, Ш. 


WHITNEY, GILBERT C., Signal Dra'tsman, General 
Railway Signal Co., 527 5th Ave., New York 
City. 


WuirNEv, Water D., Electrical Engineer, Twin 
City Rapid Transit Co., 3421 Irving Ave., So. 
Minneapolis, Minn. 


WHISLER, BENJAMIN ARTHUR, Electrician, Hudson 
River Electric Power Co.; res., 9 Spring St., 
Utica, N. Y. | 


Wicks, Jonn, Superintendent of Maintenance, Home 
Telephone and Telegraph Co., San Diego, Cal. 


WiLSON, ALBERT SWAINE, Inspector Carnegie Steel 
Works, Hotel Carnegie, Munhall, Pa. 


Winco, CHARLES Evans, JR. Assistant Engincer, 
Electric Mfg. and Equipment Co.; res., 49 W. 
Baker St., Atlanta, Ga. 


Woop, REGINALD JOHN CUMMING, Engineering De- С 
ee Edison Electric Co.; res., 121 No. 
reed St., Los Angeles, Cal. 


WOoOLDRIDGE, WILLIAM Jonn, Electrical Engineer, 
General Paru Co.; res, 1303 Union St., 
Schenectady, N. Y 


WORCESTER, THoMAS ALFRED, Power and Mining 
Eng g Dept., General Electric Co., Schenectady, 


Wray, CHARLES CLAREMONT ROBERTS, Electrical En- 
gineer, Dick Kerr and Co., Abchurch Yard, 
Cannon St., London E. C., Eng. 


[Oct. 


W. A. Turbavne. 
. N. Chamberlain 
. S. Hubbard. 


R 

A 

A. E. Winchester. 
G. E. Sanford. 

G. H. Sticknev. 
L 
E 
J 


. E. Bogen. 
?. M. Gerry. 
. R. Jeffrey. 


C. A. Bramhall. 
Arthur Williams. 
J. W. Lieb, jr. 


Charles Blizard. 
G. A. Damon. 
Albert Tavlor. 


G. F. Sever. 

M. C. Rvpinski. 
Е. B. Crocker. 

R. S. Masson. 

J. E. MacDonald. 
C. L. Corv. 


H. M. Hope. 
G. H. Lukes. 
E. О. Sessions. 
Е. W. Brady. 
Т. S. Childs. 
R. W. Pope. 


Barrv Dibble. 
E. Н. Scotield. 
J. €. Vincent. 


E. F. Collins. 
. B. Mahonev. 
orter Eveland. 


G. D. Shepardson. 
F. W. Springer. 
O. C. Hovland. 


L. P. Hammond. 
Brent Wilev. 
L. D. Bliss. 


A.M. Schoen. 
F. M. Laxton. 
R. W. Pope. 


. À. Copeland. 
R E. Cunningham 
J. G. Glassco. 


L. T. Robinson. 
H. C. Wirt. 
E. B. Raymond. 


H. T. Eddv. 

E. E. F. Creighton 
A. L. Rohrer. 

T. Konishi. 

H. Kodama. 

K. Morita. 
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WriGHT, HERBERT W., Electrical Engineer, Alex- Н. J. Meyer. 
ander Gilmer Lbr. Co., Remlig Texas. Albert Uhl. 
R. W. Pope. 


WRIGHT, WALTER Farapay, Power & Mining Eng. C. J. Schaus. 
Dept.. General Electric Co.; res., 43 Front St., J. J. Wright. 


Schenectady, N. Y. Crellin Cartwright 
ZELEWSKY, ALEXANDER, Chief Engineer, Ganz & Co., Geza Szuk. 
Budapest, Hungary. Josef Hollos. 
‚К. W Pope. 
Total, 191. 


The Secretary announced further that the following Associate 
was transferred to the grade of Member : 


GEORGE AvGUsTUS WELLS, Jr., Chief Engineer, Adams Express Co., 61 
Broadway, New York, N. Y. 


President Samuel Sheldon, Member A. I. E. E., then delivered 
his Inaugural Address entitled, “The Work of the INSTITUTE.” 

(This Address is printed on page 697 of this issue of the 
PROCEEDINGS. 

Frederick Bedell, Member A.I.E.E., and Elbert B. Tuttle, 
Associate A.I.E.E., presented a paper entitled, “The Effect of 
Iron in Distorting Alternating-Current Wave Form." (For 
paper see September, 1906, PROCEEDINGS, page 601; for discus- 
sion on this paper, see November, 1906, PROCEEDINGS.) 


A paper entitled. “The Current Transformer," by Kenneth L. 
Curtis, of the Leland Stanford, Jr., University, of California, was 
read by А. S. McAllister, of New York. (For paper, see Octe- 
ber, 1906, PRocEEDINGS, page 707; for discussion on this paper 
see November, 1906, PROCEEDINGS.) 
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Increase of Membership. 


HENEVER a movement is pro- 
posed to increase the Institute 
membership, fears are expressed that 
there may be a lowering of the standard 
of admission. This apprehension is 
in most cases due to a misunderstanding 
as to the safeguards established, and the 
methods used, to prevent any deteriora- 
tion of the Institute as a whole. The 
committees undertaking the work have 
always proceeded on the theory that 
through the rapid growth of electrical in- 
dustries there must usually exist a large 
number of young electrical engineers who 
are either ignorant of the existence of the 
Institute, or have but a hazy idea of 
its history orits work. Neither do they 
appreciate the advantages of member- 
ship, or what it means to a young man 
to extend his acquaintance among his 
colleagues. Assuming that there may 
be 1000 young men of this class, a direct 
appeal may be made to them in the 
course of one year, while ten years might 
be required to reach them indirectly. 
In other words, an intelligent committee 
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by systematic efforts may accomplish 
more in one year than would other- 
wise be achieved inten. Once an appli- 
cation 15 received, the name is filed for 
posting in the PROCEEDINGS, and any 
member has an opportunity of objecting 
to the election of an unsuitable candi- 
date, as no action will be taken until 
twenty days have elapsed. His refer- 
ences are invited to state in writing how 
long they have known the applicant, if 
ever associated with him, and their 
opinion as to his suitability as a candi- 
date for election as an Associate. These 
requirements are strictly complied with 
in every case, and unless meeting the 
conditions, the Board of Examiners will 
not recommend the applicant's election. 
To guard against the possibility of 
undue pressure in obtaining an applica- 
tion, the candidate is not listed as an 
Associate until his entrance fee and 
annual dues are paidinfull. From one 
to two months will have passed be- 
fore this event, so that if the ardor of 
the applicant has cooled, and he has 
changed his mind, his election may be 
cancelled through default. It is ap- 
parent therefore, that while the con- 
ditional requirements for qualification 
as an Associate are by no means rigid, 
the applicant must be of good charac- 
ter, and acceptable as a colleague by 
those who are in a position to vouch 
for him. 
Institute Papers. 

here is a well sustained demand for 

copies of many of the Institute 
papers, some of which were first pub- 
lished ten or more years ago. The 
practicing engineer finds the printed 
TRANSACTIONS of permanent value, this 
value being reflected in the references 
to various papers frequently seen in 
books and periodicals. 

Members who are in a position to 
draw upon their experience, and pub- 
lish the results in the form of papers, 
will find this the surest way to raise 
their standing in the profession. By 
noting down their observations from 
time to time they will gradually accu- 
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mulate material which will be found not 
onlv useful to themselves, but available 
for publication, and especially appreci- 
ated when based upon actual personal 
practice. 

Papers reflecting personal engineering 
experiences and discussed at Institute 
meetings, are invaluable to the member- 
ship at large. But these papers are 
hard to get, for experienced engineers 
are usually reluctant authors. Papers 
are usually obtained after much solici- 
tation. 

If the day ever arrives when it is 
customary for a member to notify the 
Institute that he has a paper ready, and 
asks that a date be fixed for its presenta- 
tion, it will be possible then to provide 
advance copies at least two weeks before 
the meeting. From month to month 
there are numerous requests that these 
copies be provided for a few members 
long enough before the meeting to 
facilitate the work of preparing the d's- 
cussion. This condition should no doubt 
be attained and maintained, but ob- 
viously no headway can be made until 
authors cease to be tardy and manu- 
scripts to be belated. To attain the 
best results the papers and discussions 
should be prepared with exceeding 
care, so that when printed there should 
be a clear and brief exposition of the 
branch of engineering to which they 
relate. , 

Unless papers or discussions are pub- 
lished, the benefits of membership are 
confined to the very few who can attend 
meetings. Electrical engineering is be- 
coming more and more specialized, so 
that it is absolutely impossible that 
each person should receive only such 
printed matter as he may be especially 
interested in. It should not, however, be 
overlooked that the greatest engineers 
are those who are at least familiar with 
progress in every branch, and they will 
find food for thought in nearly every 
printed paper. It is evident that the 
branch meetings are to be fruitful] in 
contributing valuable information, es- 
pecially when the important electrical 
work described has reached a higher de- 
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velopment than elsewhere, owing to pe- 
culiar local conditions. 


Electrical Frauds. 
ITHIN а few weeks letters have 
been received by the Secretary 
from members in different parts of the 
country, calling his attention to the ex- 
ploitation of so-called wonderful elec- 
trical inventions. In all cases oppor- 
tunities for investment accompany such 
publications. The chief exploiter in one 
instance has served time in the Michigan 
state prison. In another instance the 
young man who figured as an electrical 
engineer in connection with the device 
was warned months ago that he was en- 
gaged in a disreputable enterprise from 
which he should withdraw if he had any 
regard for his engineering record. 

The wish has been expressed by some 
of our members that the INSTITUTE 
could do something to expose these 
schemes. This appears to be impossible. 
It would be impractical to reach, and 
even then to convince the susceptible 
victims to schemes of this character. 
We have unusual facilities for giving 
private information to our members 
in some cases, but there can be no im- 
provement upon the ancient proverb: 
“ Let the buyer beware.” 

The electrical field is peculiarly favor- 
able for giving anapparent basis to these 
claims of vast financial possibilities, as 
people generally have little knowledeg 
of the facts, so that after all the propor- 
tion of successful adventurers in this 
line appears to be remarkably small. 


[SURS made by young men pro- 

posing to join the Institute indicate 
that there is an impression that they 
must be enrolled as students before 
being eligible for election as Associates. 
This is not the case, in fact there is no 
age limit for Associates fixed by the 
Constitution. Undergraduates who can 
afford to pay the dues will find it to 
their advantage to become Associates, 
and in after life they will appreciate 
the early date of their election as re- 
corded in the annual catalogue. 
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The Various Homes 
of the Institute. 
Next month it is expecced the rooms 
now occupied by the American Insti- 
tute of Electrical Engineers, will be 
dismantled. There are eleven in all, 
being the entire seventh floor, and one 
room on the sixth floor of the White 
Building, 93 and 95 Liberty Street, New 
York. Immediately thereafter the 
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with the varying conditions as they 
have arisen. At the date of its organ- 
ization, April 15th, 1884, and for some 
little time thereafter the Institute had 
no home, excepting a partial privilege 
of desk room wherever the Secretary 
might be located. The original tempo- 
rary location was at 9 Murray Street, and 
the first volume of the TRANSACTIONS 
bears this address. During the first 


Fic. 1.—Secretary’s Room. Dr. Samuel Sheldon, President; Ralph W. Pope, 
Secretary; A. I. E. E., 95 Liberty Street, New York. 


headquarters of the Institute will be 
on the tenth floor of the Engineers’ 


Building, 25 to 33 Wes: 39th Street,. 


within five minutes walk of either the 
Grand Central Station, or the 42nd 
Street station of the Sixth Avenue 
elevated railway. 

As a matter of record this appears to 
be a fitting time to note the wanderings 
of the Institute, in the effort to meet 
the requirements of growth, or tocomply 


year's term of the present Secretary 
in 1885, desk room was rented from 
Mailloux and Rae, who then had an office 
at 94 Liberty Street. The establish- 
ment of the practice of holding monthly 
meetings in 1886 proved so popular, 
that considerable interest was awakened 
in the work of the Institute followed 
bv a large influx of members in 
1887-8. Three important steps were 
taken at this time, which apparently 
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verged оп rashness considering the small 
income of the Institute: 

Ist. The monthly publication of the 
TRANSACTIONS, supplemented bv the 
bound annual volume. 

2d. The payment of a sufficient salary 
to command the entire time of the Secre- 


tary. 


Through the courtesy of the American 
Society of Civil Engineers, and the Col- 
lege of the City of New York, annual 
meetings were held in their buildings. 
The office of th: Institute continued at 
5 Beekman Street until 1890, although 
the necessity for additional space had 
made a change necessary to another 
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Fic. 4.—Advertising. F. L. Hutchinson, A. I. E. E., 95 Liberty Street, New York. 


3d. The rental of a suitable office at 
5 Beekman Street, and furn shing the 
same. 

Headquarters were established in 
the Spring of 1888. The monthly 
meetings had been held at various 
restaurants, where the members gathered 
for dinner early in the evening. 


room in the same building. In 1590, 
the American Society of Mechanical 
Engineers having purchased the old 
Academy of Medicine at 12 West 31st 
Streec, suggested that the Institute 
rent office space in its building with the 
privilege of holding meetings in the Audi- 
torium. This project was agreed to and 
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continued until 1894. By that time 
a feeling had grown upthata down town 
location would be more convenient 
for a majority of the members, and as 
the American Society of Mechanical 
Engineers had other uses for the room, 
a special committee was appointed to 
consider the subject, the result being 
that in November 1894, the office was 
removed to the Havemeyer Building, 


entire floor the following year. The 
necessity for this was foreshadowed by 
the growth of membership, and the 
consequent increase of the staff to meet 
the requirements of the situation. Even 
this additional space was becoming 
inadequate, but the approaching com- 
pletion of the Engineers’ Building will 
lead to the early realization of the hope 
of twenty years past, that the Institute 


Fic. 5.—Stenography. Shipping. Mrs. Emily H. Hough, Harold Lewry, A. I. E. E., 
95 Liberty Street, New York. 


26 Cortlandt Street, where two rooms 
were rented. А third room was subse- 
quently hired, and when the Wheeler 
Library was acquired a fourth room 
was necessary. This was but a tempo- 
rary expedient however, for additional 
space was necessary, which was not 
available in 1902, so it was imperative 
that another change should be made, 
and four rooms were engaged at 95 
Liberty Street with an option for the 


would finally reach its permanent home. 

The fluctation of the cost of rent per 
capita is shown by the following figures: 

1901, 94 cents, 1902, 94 cents; 1903, 
65 cents; 1904, 79 cents; 1905, 75 cents; 
1906, 68 cents. This computation is 
made on the first of May for each 
past fiscal year. It does not include 
the amount charged to the library 
which is included with other expenses 
in that department, the entire library 
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cost being 69 centsforthe past vear. It 
is expected that hereafter for a few 
years this cost of rental will be exceeded. 
It should then diminish from year to 
year as the membership increases. 
One of the serious problems that has 
confronted the management, during 


Fic. 6.— Editorial. 


many of the past years has been the 
selection of a suitable meeting place. 
The attendance at meetings had so in- 
creased that in 1902 it became necessary 
to give up the hall at 12 West 31st Street. 
Meetings were subsequently held at the 
Chemist's Club, the Academy of Medicine 
and Carnegie Hall. In the autumn 
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of 1905, however, the embarrassing con- 
ditions were very satisfactorily met by 
the completion of the auditorium of the 
New York Edison Company at 44 West 
27th Screet the use of which was courte- 
ously tendered to the Institute. Many 
committee meetings have also been held 
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at the same place and every possible 
convenience that reasonably could be 
asked for has been placed at the disposal 
of the Institute. 

The monthly meetings of the Board 
of Directors were held in the Secretary’s 
office for many years, but in 1905 the 
increased attendance made it neces- 
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sary to find other quarters. 


Room at 15 Dey Sireet, and it has since 
been used for this purpose each month. 
This record of the experience of the In- 
stitute should be sufficient to indicate 
that the time has certainly arrived when 


The New 
York Telephone Companv kindly invited 
the Directors to utilize the fine Board 
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the further development of engineering, 
which depends so greatly upon the inter- 
change of ideas, and utilization of the 
lessons taught by practice. 


Mr. Davip Barry, electrician and 
superintendent of the Amherst (Mass.) 


Fic. 7.—Library and Reading Room. Edward Durant (Associate), 
Miss Hazel Pike, A.I.E.E., 95 Liberty Street, New York. 


[Two stackrooms containing about 8000 volumes cannot be satisfactorily 
photographed. ] 


its growing library and archives, as 
well as proper accommodations for its 
оћсегѕ and staff, committee апа tech- 
nical meetings require a permanent 
home of ample capacity. 

The electrical industry, which in its 
growth has been paralleled by the ac- 
tivity of the Institute, should апа no 
doubt will work hand in hand with it for 


Gas Co., has for some time past been 
planning to substitute water for steam 
power in Hampshire County. А con- 
tract has now been made with the 
Turners Falls Company for the deliverv 
of electricity up to 2000 h.p. which 
will be distributed by the Massachusetts 
Public Service Companv to the princi- 
pal cities and towns in the county. 
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Professional Ethics.* 


Professional Ethics is one of the few 
subjects upon which I should dare to 
speak before an audience of young en- 
gineers. I am a veteran of 50 years and 
pretty well scarred by many campaigns, 
but I am not so senile as to suppose 
that I can instruct you young men in 
the things which you have so recently 
learned, either in schoo! or in the shops. 
We old fellows have had hard enough 
work to keep up during the last half 
century; andif we have stumbled along 
and not fallen out of the procession alto- 
gether, at least we ought not to be ex- 
pected to go to teaching people who 
know more than we do. We must still 
continue to hustle along as best we can 
at your heels, or else sit at your feet and 
learn from you. Buc there are some 
things that old men can say to young 
men; and this subject of professional 
ethics, though the words may sound 
formidable, may possibly cover some 
essential and useful hints not unwor:hy 
of your attention. 

I would like to say frankly before- 
hand that I do not think that anything 
I can say will be of the least use to the 
Committee on Ethics of the American 
Institute of Electrical Engineers. They 
probably will be firing at higher game, 
and will overlook the little humble 
things that J shall venture to talk about. 

Most of you, no matter whether elec- 
trical engineers, or engineers of any 
other class, will have to take occupation 
and find employment and action in one 
of four capacities. Most of you will 
sooner or later be authors, not of a big 
book necessarily, or even of a little 
book;—perhaps only authors of a pro- 
fessional paper to your Institute or of 
a professional report to a client. Sec- 
ondly, you will be employees; thirdly, 
you wil have to act as agents; and 
fourthly, you will be called upon as ad- 
visers. Beyond these there is a sort of 
rainbow horizon where you may become 
capitalists or employers on your own 

*Address delivered by Rossiter W. Raymond, 


at a mceting of the Schenectady Branch, October 
20, 1906. 
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hook. [n regard to that, however, it is 
hardly necessary to speak now. I do 
not try to advise a capitalist as to how 
he should act. I have never been there. 
I shall offer vou a very simple talk 
about the duties of the four employ- 
ments I have named. 

1. Authorship.—-In my experience of 
22 or 23 years continuously as editor 
of scientific work done by the ablest 
men of the engineering profession, I 
have found a serious lack of conscience 
in authorship, or, rather, ignorance of 
the ethics of authorship, among the 
educated young men of this generation. 

An author who is telling somebodv 
his thoughts, has made a tacit agree- 
ment or contract with his reader. He 
praccically promises, as the party of 
the first part, to the party of the second 
part, that he has paid attention to a 
certain subject, that he has something 
to say, about it, knows what it is he is 
going to say, and will undertake to 
say it so that the party of the second 
part can understand it. That is the 
agreement between author and reader; 
and the author has no right to violate 
any part of it. 

Clauses misplaced are simply belaced 
afterthoughts. Confused statement 
means confused studying, means that 
you have not thought out what you 
want to say, do not know what vou are 
going to say, do not know how to say 
it, and have not tried to find out. You 
went on, possibly dictating to a stenog- 
rapher (which is the besetting literary 
sin of our age), and communicated there- 
fore to vour reader, not the product of 
your thought, but the process. The 
reader does not care for the process; 
he wants the result. How many of us. 
writing in this slipshod way, have 
dragged our readers through the pro- 
cess, and have failed to give the pro- 
duct! 

A mixed figure is often wrong morally. 
It is a sort of lie. Roscoe Conkling, 
one of the most eloquent speakers of 
his day, having been unjustly treated 
by his party, complained in a public 
speech that he had been gibbeted at 
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the cross-roads of public reputation bv 
every foul bird of passage. Ап orator 
who mixes a figure in that way tells a 
falsehood, unconsciously no doubt, but 
still a falsehood. He professes to say 
to his hearer, ‘‘ Behold! I have seen a 
picture, and it is thus and so; " then 
states a thing which could not have 
been in a picture, and which he never 
saw. 

I sat in the great Music Hall of Boston 
and heard Wendell Phillips say that the 
time would come in this country when 
“ Liberty would stand by every new- 
born child, to drop in its cradle the 
schoolhouse and the ballot-box." He 
uttered not merely a mixed metaphor 
but also an implied and unconscious 
falsehood, because he professed to see in 
a prophetic vision a performance which 
would have been fatal to every Amer- 
ican baby, and therefore not glorious 
reform, bui the meanest kind of murder. 

All joking apart, there is a serious 
ethical basis under the question of 
style. It isa debt that the author owes 
to the reader to tell him the truth; and 
a mixed figure 15 a he. Moreover, it is 
a debt that the author owes the reader 
to know beforehand what he is going to 
say, and to say it. When he fails to do 
either of those things, he has not per- 
formed his part of the contract. 

More than that, you ought not to 
conceal from your reader, by any de- 
vice or evasion or circumlocution, the 
extent of your knowledge. You ought 
not to pretend to know more than you 
do. For instance, you know German. 
Most of vou have to; and it is the best 
language outside of our own for a tech- 
nical man to know. Now, suppose vou 
get a German book, and there is in it 
a quotation from Plato or Pliny. You 
like to show culture; and when you 
write your paper you desire to quote 
this passage, and repeat it out of the 
German book, not out of Pliny. Nine 
times out of ten you will have reason 
to be sorry, because most people do not 
quote Plato or Pliny or anybody else 
correctly, and because you will have 
made yourself responsible for another 
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man's error. You did not say, '' I found 
this quoted in such and such a book." 
Now, that is a crime of authorship, to 
quote a thing you have not vourself 
seen in the original. If you found it 
somewhere else, say so in a foot note. 

Again, when you put a thing in quota- 
tion marks, be sure that it is quoted 
verbatim. You have no right to put 
quotation marks to a version or sum- 
marv of your own. 

Do not use quotation marks unless 
you are citing the author's very words. 
Even that eminent historian, James 
Anthonv Froude, fell into this sin. He 
was writing abouc Mary, Queen of 
Scots, and gave the substance of cer- 
tain letters of the Queen and the min- 
isters of Elizabeth, enclosing in quota- 
tion marks words they had not used. 
Thev gave only his 1dea of the substance 
of the letters. I think it was the 
Saturday Review which uttered the fa- 
mous verdict, justly considered to ex- 
press the utmost severity of condemna- 
don, ‘‘ Mr. Froude does not understand 
the meaning of quotation marks." 

In my editing of the Transactions of 
the American Institute of Mining En- 
gineers, a publication of more than one 
thousand pages octavo every year, I 
have emploved an assistant whose duty 
it was to look up quotations and refer- 
ences, and see that they were correct; 
and very often they were not! But I 
cannot stop to enlarge upon the niceties 
of authorship. Show perfect frankness 
concerning the extent and sources of 
vour knowledge. Give every aid possible 
to your reader, if he should wish to go 
to the original sources. This is all in 
the contract which you have made with 
him. 

2. As Employees, your professional 
ethics from the standpoint eitherof prin- 
ciple or policy, should be based upon a 
consideration of your duties rather than 
upon your rewards or supposed rights. 
The man that fills, overfills and over- 
flows the position in which he stands, 
is not only the good man who rejoiceth 
the heart of his employer, but is going 
to be the successful one. 


1906.] 


Henry R. Worthington, my name- 
sake, and a warm and helpful friend, 
once said to me, "I can find many 
young men who are competent to erect 
engines, but very few whom I can thor- 
oughly trust to do it, in complete de- 
votion to my interest as employer.” 
They are smart enough, but that does 
not prove that they are loyal enough. 
Let me assure you who are vounger, 
and call upon those who are older, to 
bear witness to the truth of what I say: 
There never was a time since civiliza- 
tion began or industry was set in motion 
bv man, when loyalty was worth more 
than it is now. These enormous trusts 
and enterprises, one of the most mag- 
nificent of which adorns this city, are 
going to be ruined unless they can find 
trustworthy employees. The time is 
past when the master could watch all 
the details. He cannot now do what 
Peter Cooper used to do in New York 
—get up and go down to the works and 
start the furnaces himself, and get 
things running nicely; then, in the 
afternoon, go out and collect bills and 
buy supplies, and carry on the business. 
He did that for years. But his was then 
a small business. No head of a large 
modern business could now imitate him. 

The peril of the great enterprises of 
to-day is that they are breaking down 
the men at the head. It is not always 
the president: sometimes he is only a 
figure-head. But it will be the vice- 
president or general manager. All these 
great combinations are, in my judgment, 
more dangerous to the men at the head 
and to the stockholders than to any- 
body else, for that very reason. It is 
beyond the capacity of human brains 
to keep such big things going, unless 
they have trained and disciplined and 
retained a body of trustworthy em- 
ployees. Otherwise they will be ruined. 
That is the reason why the heads of 
great enterprises are looking for trust- 
worthy men. Even had you no higher 
motive than your own welfare, you 
would be a fool to commence by looking 
out for yourself and letting your em- 
ployer go to the devil. 
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3. Agency.—Under this head, policy 
and law agree: you must loyally 
represent your principal. Perhaps the 
most troublesome question brought to 
me by young engineers is the question 
of commissions. Let me tell you one 
case of my own. I went to buy for my 
employers a certain type of engine. I 
examined the various engines, found 
the kind wanted, and beat the price 
down by persistent negotiations uniil I 
got the very lowest price, and was just 
going to take the engine when the seller 
said, '' Of course you are entitled to a 
commission on this purchase." I said 
I did not understand it so, that my 
services were being paid for by my 
principal, and I would prefer that he 
made a lower price on the engine. But 
he said he could not make a lower price 
on the face of the bill, but was allowed, 
by a trade agreement with other men 
in the business, to give a commission to 
the agent. Now, had I been younger, 
I would have preached to that man. I 
would have said, ''Sir, are you aware 
that you are offering me a moral in- 
sult?" But I had learned the custom 
of the trade, and knew that what he 
said was true; that he could not reduce 
the face of the bill, though he could 
allow me a commission. ‘ Well," I 
said, ‘ I shall give it to my employer.” 
Of course he smiled a bland smile and 
said that he had no objections to my 
giving it to whomsoever I wished. I 
wasted no time in further professions 
of honesty, but simply said, “ I will 
take it; but I want it in a check to my 
order.” | 

I took the check and endorsed it to 
my employer; and when I reported the 
purchase of the engine I said, "Here is 
a commission which they paid me." He 
looked at it; and he might have said 
‘“ Good boy! you can have it." But he 
said nothing of the kind. What is more, 
it was not right that he should say it. 
I had been fully paid for my services; 
the commission belonged to him, and 
he knew it and I knew it. So І call your 
attention, not to any heroic virtue in 
my act, but to the common-sense which 
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I venture to think I exhibited. Namely, 
I put my name on the back of that 
check, and it went to the manufacturer, 
and he knew that I had given it to my 
employer. And there is the keynote to 
all such negotiations; it puts you for- 
ever in the right. Protestations will 
do you no good. A pickpocket can beat 
us in protestations. Let us be honest 
and get on record; so that nobody can 
challenge us. 

4. Adutsers.—You may become ad- 
visers either of private clients, of the 
public, or of courts of justice. Let me 
say a few words under each of these 
heads. 

As the adviser of a private client, 
vou should not have much difficulty 
as to professional ethics except that 
at the beginning you ought not to let 
your client acquire a false idea of your 
ability as an adviser. One of the most 
frequent forms of adv:ce is the letter 
of recommendation. I have often had 
to recommend young men or answer 
questions as to their qualifications, and 
I have always, in such cases, written a 
private letter. Do not ever give general 
letters of recommendation. In the first 
place they have no weight. In the sec- 
ond place they are carried around until 
they are dirty and dog-eared and unfit 
to present. In the third place, to give 
a man a letter about himself which he 
necessarily has an opportunity to read, 
is to throw suspicion upon the fulness 
of the communication. So that I al- 
wavs, even to the best of my friends, 
put letters of recommendation in the 
following form: '' To whoever receives 
your application for employment, I 
authorize you to use my name as 
reference, and if he will drop me a 
postal, I will answer confidentially and 
fully.” 

Then when I do answer fully, my 
duty as an adviser is to tell the truth. 
I must not write for the purpose of 
getting a place for a friend. I must not 
suppress anything that might affect un- 
favorably the success of that friend. 
I must advise the inquirer as though he 
had paid me for my honest opinion. 
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And I frequently have to write in this 
way: 

' I have known the applicant for so 
long. I know him in such and such a 
way, and if he is given work of that 
nature, he will do it very well. The 
kind of thing you want, I do not know 
about, but I am very confident he will 
not tell you he is proficient unless he 
is. If he says he is, I believe he is; and 
if he says he does not understand it, 
I believe that he can pick it up if you 
give him a chance." 

A letter of that kind, honest and 
complete, goes much farther than a 
general letter. I wrote such a letter 
recently for a young man who was in 
competition with a number of others 
for a position; and when he came back 
he said, '' I got the place; he didn't pay 
any attention to the others.” 

When you are advising a client, you 
owe him your best efforts, and should 
make to him a frank statement as to 
how well prepared you are to advise 
him. In my special profession as a 
mining engineer, a curious case of cas- 
uistry often arises. À person considering 
the purchase of certain mining property 
says to me, '' Here is the report of the 
owner. I have agreed to take the 
property if that report is true; and I 
want you to verify it." At present I 
will not take such an order as that from 
anybody; and if you have the power to 
choose, I advise you not to take such 
a one. Yet there is nothing dishonor- 
able in it. It is only difficult and liable 
to make trouble afterwards. You see 
that, under those circumstances, you 
have nothing to do except say whether 
a certain statement is true or not. The 
statement may be true, and yet, in 
your judgment, there may be reasons 
why your client should noi buy the 
property at the price named. 

] prefer that my clients authorize me 
to advise simply whether they shall 
buy or not. Then I can return and say, 
“The statement is correct, but there 
is another property right by the side 
of this, for sale at half the money." 
Under the first form of order, I would 
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not have the right to say that, I would 
be merely sent to examine into the truth 
of a certain statement. It is as if you 
were employed to decide whether a cer- 
tain horseissound. It would not be your 
duty to report, ‘‘ Yes, the horse is 
sound; but I know of another sound 
horse that could be got for less money.” 
On the contrary, it would be vour dutv 
to hold your tongue as to everything 
except the precise question you are em- 
ployed to investigate. And the accept- 
ance of a professional duty chus limited 
is perfectly honorable. On the other 
hand, it 15 your right and your incerest 
to be protected against any misuse of 
such a limited opinion, either by the 
garbling of your report, by suppressing 
its qualifying passages, or the use of it, 
in whole or part, as an endorsement of 
a scheme of which you had no knowl- 
edge, made no investigation, and would 
not have given a favorable opinion. 
Make your report in writing. Phrase it 
so that it cannot be innocently garbled. 
And if it should be thus misused, pro- 
test promptly. Don't come limping in, 
after a scheme has failed, to protest 
that you never meant to approve it in 
all respects. Speak quick, or shut up! 

A word or two as to the duty of an 
expert witness in court. There has been 
a great deal said about '' expert ” tes- 
timony. Every once in a while some 
estimable gentleman cries, ‘‘ Oh! This 
is all wrong. Just look at the way in 
which experts come into court and take 
thousands of dollars in fees for contra- 
dictory theories! The crue principle is, 
that the court should appoint the ex- 
perts, and the experts should have no- 
thing to do with either party, but should 
simply enlighten the court." With that 
proposition I beg leave to differ. І 
have seen it tried in France, in Ger- 
many, and possibly in England. Court 
experts were appointed, and published 
ponderous volumes, and could not agree. 
After all, gentlemen, though we are 
experts ourselves, let us confess that 
an expert is always more or less of a 
crank. There is nothing so wholesome 
for us as to be set up before 12 men 
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who know nothing about our business, 
and forced to try to teach them. I be- 
heve with all mv soul that the best 
way to get the truth in a case of law 
involving scientific problems is to let 
experts be put forward by either side 
and cross-examined before judge and 
jury. They generally come out in their 
true size, no matter how inflated they 
were at the beginning. 

We must recognize the fact, however, 
that, in almost every case of expert 
evidence, the expert is a partisan. It 
must be so. Nobody will pay expert 
fees, unless he knows what his expert is 
going to say. The proper course for 
you, as an expert, is to take pav in the 
beginning for the labor of examining 
the case and telling your client what 
you think of it. If your opinion is not 
useful to him, then drop out of the case. 
Youcannot change your opinion hon- 
estly. But if you do drop out, you must 
not use the knowledge you have con- 
fidentially gained, either in chat trial or 
in any other proceeding in which your 
client is involved. Your retainer should 
be as sacred as that of a lawyer's; and a 
lawver would be disbarred for such an 
action. 

When your mind has been made up, 
the time for indecision is past. It was 
your business to make yourself thor- 
oughly acquainted with the subject. If 
you are taken by surprise on the witness 
stand with a fact you did not know, 
you have failed in your preparation. 
But do not attempt to get out by 
evasion. An expert is sometimes taken 
by surprise, and in my judgment all he 
can say is, "I did not know of this 
fact. I have made up mv mind after 
a careful study of the whole case. It 
is my honest opinion still. I have not 
had time to examine the relation of this 
fact to it. You may use this fact as 
much as you like. I cannot, at a mo- 
ment's notice, frame a new opinion. 
That is the best way out of it. Any 
extemporaneous fencing with a lawyer 
brings a man to grief. 

And, for heaven's sake, do not be 
smart! Do not try to get the better of 
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a lawver in wit or repartee. You are 
fencing with one hand tied behind you; 
for you are under oath and he is not. 
I have seen many a witness beat a 
lawyer at repartee and then lose the 
case. On the contrary, I have seen 
many an honest witness confused and 
embarrassed, and che jury saw it, and 
gave him the case. 

The bist attitude for a witness is an 
impartal one. He must not seem to 
be fighting for his client. He should 
fight for his convictions and his theory; 
or, rather, he should not figat at all, 
but assume that the examining lawyer 
is sincerely anxious to get at the truth 
of the matter, and give it to him with 
great courtesy and great affectation of 
frankness and esteem. The best witness 
I ever saw, spoke with such perfect 
freedom and pleasure whenever the 
opposing attorney asked insulting ques- 
tions that the impertinence reacted in 
the witness’s favor. But if you give 
provocation, your game is gone. You 
had better play che game of genileman. 
If you do that the court will protect 
you from any insults. And if the cross- 
examining attorney says, ' Answer me 
‘Yes’ or ' No,’ " do not commence to 
fence and dodge. бау, “ As you ask 
the question I answer ‘ Yes’ (or ‘No’);” 
and then request the privilege of ex- 
plaining your answer. It is your right, 
and you will get it. 

In conclusion, is there not some handy 
rule which would help us in every case 
of doubt? The ‘* Golden Rule " and 
“the Ten Commandments” меа! want 
to keep; but they cannot always be 
applied in haste or with certainty. Let 
me suggest something practical, which 
has religion in it, but not enough to 
hurt or scare you. '' Do not do what you 
cannot tell,’ or if there be good reason 
for not telling, at least '' Do not do 
what you could not tell without shame.” 
If it is a question, whether you should 
take a commission or whether vour em- 
ployer should have it, ask him; and then 
there is no trouble. If it 1s a question 
of practice, doubtful as to ethics, see 
how it would look in print. 
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Lately there has been a reign, of 
hysteria in ethics, and it has gone too 
far, no doubt. Nevertheless, without 
deciding whether this, that or the other 
thing was wrong, and while still bel'ev- 
ing in my own mind that many honor- 
able men are being persecuted for hav- 
ing done things which only a short time 
ago all the world was doing, without 
such criticism, I may draw out of all this 
the one pervading moral. How many 
of these things, if they had been donc 
openlv, would not plague the doers 
now! Here is a railroad company, 
formed, after the American fashion, to 
drive its track through the wilderness, 
building cities as it went. And (horrible 
to relate!) it gave rebates to men who 
would help to build such cities. If the 
company had come out and said so, no 
one could have found fault justly. But 
ic gave rebates and said nothing about 
it. In like manner, for many another 
thing, sometimes necessary, sometimes 
even wise, some hitherto reputable per- 
son or company has been made dis- 
reputable, and the real trouble is that 
the people who did it kept it secret. 

There is another point about this 
matter of secrecv. When you keep a 
ching secret, you are not very likely to 
make a complete record of it. Now, 
there is nothing more foolish than not 
to keep your record perfectly clear. It 
is most humiliating to a man to be, 
after 30 years or so, unable to explain 
some particular payment, which he 
knows was honestly made, simplv be- 
cause the stubs in his check-book do 
not tell the particulars. Keep your 
memorandum books up to date and in 
good order, so that anyone can see them. 
If you are ordered to do a thing which 
you do not approve, get the whole ching 
in writing, and make your record clear. 
We have been told upon the highest au- 
thority that men love darkness better 
than hght when their deeds are evil. 
If you are not of such, why not walk 
in the light? 

[The long and var.ed experiences of 
Dr. Raymond make his views worthy 
of serious consideration.—EpITorR.] 
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Local Organizations. 
ARMOUR INSTITUTE. 

A meeting of this branch was held at 
the Armour Institute, Chicago, on Octo- 
ber 12, 1906, present 19 members and 
four visitors. An original and interest- 
ing paper entitled ‘‘ Insulating Mate- 
rials ” was presented by Mr. Smalley. 
An abstract of the paper will probably 
appear in the December PROCEEDINGS. 


BALTIMORE. 

On October 12th, 19 Institute mem- 
bers and eight visitors attended a 
meeting at Johns Hopkins University 
to hear the reading of a paper entitled, 
“ Comparison of Alternating-current 
and Direct-current Railway Systems,” 
by Dr. J. B. Whitehead. This paper 
was based on a recent investigation of 
an electrified local steam road. 


Boston. 

The first meeting for the Institute 
year 1906-7, was held on October 18th. 
Previously to the meeting the executive 
committee decided to change the by-law 
relating to branch officers to read as 
follows: '' The officers of the branch shall 
be a chairman, vice-chairman, secre- 
tary, and executive committee of not 
less than five members. " It was also 
decided that the time of meeting be 
changed from the first Wednesday, to 
the third Wednesday of every month. 

The following officers were elected to 
serve during the coming year: H. E. 
Clifford, chairman; C. B. Burleigh, vice- 
chairman; C. H. Porter, secretary. A. 
E. Kennelly, J. I. Ayers, C. L. Edgar, 
R. Fleming, G. S. Gibbs, executive 
committee. 

The following Institute convention 
papers were then presented: ''Some 
Fundamental Characteristics of Mercury 
Vapor Apparatus," abstracted by R. 
Fleming. ‘ Methods of Testing Protec- 
tive Apparatus," abstracted by N. J. 
Neall. Forty members and visitors at- 
tended this meeting. 


CORNELL UNIVERSITY. 
On October 5th, 88 Associates and 
Students of the Institute attended a 
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meeting in Franklin Hall. Under the 
general subject of high harmonics and 
their effects, Dr. Frederick Bedell read, 
and led the discussion on, his paper, 
entitled, '' Effect of Iron on Alternating 
Current Wave Form." Following the 
paper an interesting discussion covering 
particularly the effect of harmonics on 
the performance of electrical machines 
elicited considerable interest. 

The members of the branch, realizing 
the necessity for devoting more atten- 
tion to social matters than last year, de- 
termined to lay special emphasis on 
this point at the second meeting which 
was held on Friday, November 2, with 
an attendance of two hundred and 
twenty-six. At this meeting the 
topic was ‘‘ Wireless Telegraphy ” and 
the following program was carried out: 

Some remarks on the practical opera- 
tion of wireless telegraphy by F. H. 
Kroger who has been recently connected 
with the National Electric Signaling Co. 

Description of wireless receivers in- 
cluding Dr. de Forest's “ Audion,” by 
C. G. Schluederberg, formerly with the 
Westinghouse Electric & Mfg. Co. 

During the evening messages were 
sent and received to and from a station 
located about a mile from the lecture 
room, this station being in charge of 


` Mr. Н. J. Kouyoumdjian, an Armenian 


graduate student of Sibley College. The 
lectures were also illustrated by lantern 
slides prepared for the purpose and the 
whole made an attractive and instruc- 
tive program. After the formal part of 
the program those who could do so 
were invited to remain for a social hour 
and a considerable proportion of the 
audience did so. This part of the pro- 
gram was given in the office wing of 
Franklin Hall which is very well adapted 
to the purpose. Members of the faculty 
of Sibley College entertained the local 
branch with music, readings, etc. An 
informa] air was given to the exercises 
bv permitting the men to smoke. 

The membership in the branch is 
growing rapidly and comprises now 
nearly a hundred members, associates 
and enrolled students. At the next 
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meeting Mr. G. A. Wardlaw of New 
York City will deliver a lecture on the 
topic " Literary Engineering." 

The prospecis for a successful year 
are very bright and considering the de- 
velopments at this time there has been 
a marked increase in interest over last 
year. 


UNIVERSITY OF ILLINOIS. 


At a special meeting of this branch 
held Monday night, October 15, a reor- 
ganization was effected under Sec. 49 
of the By-laws. As formed, the execu- 
tive committee will consist of Professor 
Morgan Brooks, chairman; Professor 
T. M. Gardner, vice-chairman; M. K. 
Akers, secretary; F.G.Willson. treasurer; 
the other members of the committee 
to be Dr. A. T. Lincoln, Dr. Charles T. 
Knipp, and Professor Wood. A re- 
ception and membership committee, 
consisting of Messrs. Brvant, Wenger, 
Garland, and Marble, was also ap- 
pointed. 

The meeting was well attended and 
much enthusiasm manifested. There 


were 36 present, of which 9 were 
Members and Associates, and 5 were 
Students, 


Iowa STATE COLLEGE. 


At a meeting of this branch held Octo- 
ber 3rd, Professor L. B. Spinney 
presented an original paper entitled: 
“ The Relation and Importance of Lamp 
Testing, to the Lighting Plants and 
Consumers." This was followed bv 
an abstract, by J. A. Moorehead, of an 
article from the Electric Journal, entitled 
“ Grounding of High-tension Lines.” 
Thirteen Institute members and vis- 
itors attended this meeting. 

Eighteen members and students and 
twenty guests attended a meeting of 
this branch on October 17th. J. C. Clark 
presented an abstract of the Institute 
paper entitled, '* Electrical Connections 
for Power Houses” and Professor С. W. 
Bissell read an original paper entitled 
“The New Electric Light and Power 
Plant of the Iowa State College. 
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MINNESOTA. 

This branch held a meeting on October 
19th, in Minneapolis, at which 18 mem- 
bersand 2 visitors were present. Plans 
for the year's work were discussed. 
George D. Shepardson, H. J. Gille, C. 
Г. Pillsbury, were appointed a com- 
mittee on program to arrange for original 
papers. E. H. Scofield was appointed 
a committee to arrange for inspection 
trips. 

Under the general subject of Water 
Power Development, Professor D. C. 
Jackson read the Institute paper entitled 
'" Economies Derivable from the use 
of Relatively Small Water Powers of 
Low Head in the Middle West." 

Mr. C. H. Harris described the engi- 
neering features of the St. Croix Falls 
development of the Columbia Im- 
provement Company. 


UNIVERSITY OF MISSOURI. 

This branch held a meeting on October 
19th, at Columbia, Missouri, witha total 
attendance of 26. At the election of otti- 
cers, Professor Н. B. Shaw was elected 
chairman, and Mr. H. D. Carpenter, 
secretarv. The Institute paper entitled 
“The Effect of Iron in Distorting 
Alternating-Current Wave Form” was 
then read and discussed. 

Another meeting of this branch was 
held on Fridav, November 2, attendance 


26. Kenneth Curtis’ paper, " The Cur- 
rent Transformer," was read and dis- 
cussed. 


PHILADELPHIA. 

At a meeting of this branch, October 
Sth, held at the Engineers’ Club, 65 
members and guests were present. Mr. 
A. R. Cheney gave a description, with 
lantern slides, of the Christian Street 
station of the Philadelphia Electric 
Company. After adjournment a number 
of members visited the station. 

Chairman Eglin presented a short ad- 
dress, of which the following is an ab- 
stract: 

"We are fortunate in being associated 
with an industry and a profession in 
which there is great activity and in 
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which new developments have followed 
in rapid succession. There has probably 
not been a year in the memorv of any 
of us in which there has not been pre- 
sented before the Institute an interest- 
ing paper relating to some new creation 
in our special branch of engineering. 

To my mind, the address of the re- 
tiring President, Dr. Wheeler, on '' En- 
gineering Honor," is one of the most 
important subjects presented before the 
Institute for some time; it deserves as 
careful attention as that given to 
any subject that has ever been pre- 
sented for our consideration. 

The work of the electrical engineer 
may be said to have followed along 
pioneer lines in almost every branch, 
often with reckless disregard of econ- 
omy and of human safety. In many 
fields of endeavor these pioneer days 
have passed. Apparatus has been stand- 
ardized, and our Institute is accredited 
with the attaining of this desired result. 
The various committees of the Institute 
have labored long and hard to prepare 
standard specifications to cover the 
physical side of our work; there now re- 
mains the work of trying to perfect the 
ethical side. 

The duty of the engineer to his pro- 
fession is one that he should hold most 
dear, and guard jealously. It seems to 
me that every electrical engineer should, 
as early as possible, become identified 
with the work of the Institute; first, by 
becoming a member in one of the several 
classes; secondly, by preparing a paper 
for presentation either at a branch meet- 
ing or a meeting of the central organi- 
zation. 

One criticism often heard is that the 
majority of electrical engineers are sub- 
ject, in one way or another, to corpora- 
tion influence, and that this either in- 
terferes with or prevents the presenta- 
tion of papers, and does not permit of 
free discussion of papers when they are 
presented by other members. It does 
not seem to me, however, that this is 
a reasonable or proper excuse for failure 
to present papers, or to take part in 
discussions of papers relating solely to 
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engineering matters. If the engineer 
carefullv observes the relationship ex- 
isting between the engineering and the 
commercial aspects of his work, and seg- 
regates these aspects, I believe there 
would be very little difficulty in obtain- 
ing permission from his company to 
presen: his views on subjects that are 


of immediate interest to the Institute. 


The many benefits received from the 
Institute can be partly repaid by these 
means. The author earlv realizes that 
he is the one most benefited by the 
preparation of his paper; for the pre- 
paration of concise and clear papers 
means hard work and plentv of it. 
Younger members therefore have an 
excellent opportunity for self-develop- 
ment by presenting papers before a 
branch meeting, and I hope thac every 
member of this branch will take advan- 
tage of these exceptional opportunities. 

At the discussion. of President 
Wheeler's address, C. P. S.einmetz pre- 
sented the following resolution: 

The American Institute of Elec- 
trical Engineers, in annual conven- 
tion assembled, requests the Presi- 
dent and Board of Directors to 
nominate a committee to consider 
the advisability of drawing up a 
code of ethics for the electrical en- 
gineering profession, and if this 
committee considers it advisable to 
draw up such a code of electrical 
engineering ethics, to proceed with 
the work. 

This motion was dulv seconded, and 
after a discussion was unanimously car- 
ried. 

A tentative code will be prepared by 
the committee and submitted to the 
membership for criticism and sugges- 
tions. As the Institute is a national 
body with members in every state in 
the Union, it is essential to the value of 
such a code thai it be freelv discussed, 
and finallv be representative of national 
electrical engineering practice. І think 
it important that every branch give the 
matter careful consideration, and that 
at least one evening be devoted to the 
discussion of the tentative code. | 
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It is the policy of the Philadelphia 
Branch to devote most of its time to the 
discussion of original local papers, and 
to present only brief abstracts of the 


papers presented at the New York meet- А 


ings, except in cases where these papers 
are of special local interest. 

The branch is also endeavoring to ar- 
range for visits to various engineering 
works of importance in Philadelphia 
and its vicinity. As this policy seems to 
be for the best interest of the members, 
it will be continued, and I ask and trust 
that I may have your most active co- 
operation in the work of the branch for 
this coming year." 


PITTSBURG. 


This branch held a meeting at the 
Carnegie Technical Schools, October 
9th, with a total attendance of 50. The 
following officers were elected for the 
season 1906-7: H. W. Fisher, chair- 
man; H.D. James, secretary; William 
Cooper, R. A. L. Snyder, W. E. Moore, 
J. R. Bibbins, S. P. Grace, H.N. Muller, 
executive committee. 

The following Institute papers were 
then abstracted by Mr. Tuttle, and 
discussed at length by the Pittsburg 
members: '' Effect of Iron in Distorted 
Alternating-Current Wave Form." 

“The Current Transformer.” 


PURDUE UNIVERSITY. 

This branch held a meeting on October 
2nd, in the Electrical Building, Purdue 
University, with a total attendance of 
53. The following officers were elected 
for the telephone section of the Purdue 
Branch: C. C. Warner, chairman; I. J. 
Strassner, secretary. 

The paper read and discussed was 
“The Automatic Telephone,” by Е. L. 
Baer, of the Automatic Telephone Co. 

Another meeting of this branch was 
held in the Electrical Building, October 
9th, with an attendance of 42. 

Following the election of senior and 
junior members to the editorial staff 
of the Purdue Engineering Review, Pro- 
fessor A. N. Topping gave an abstract of 
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President Wheeler’s address on "Engi- 
neering Honor.” 

On October 23rd, there was still 
another meeting, with an attendance of 
68. Mr. Thomas Duncan of the Duncan 
Electrical Manufacturing Co., Lafayette, 
Indiana, addressed the branch on the 
subject of ''Electric Meters.” 

This branch presents a very encourag- 
ing condition of vigor and activity. 
The interest in branch work is sustained 
by a large and enthusiastic local mem- 
bership. 

| SAN FRANCISCO. 

Mr. A. H. Babcock, local secretary 
at San Francisco, has been spending a 
few days in New York. He reports 
the conditions in that city such that 
it does not appear advisable to undertake 
to hold any meetings of the San Fran- 
cisco branch at present. Postal affairs 
in both San Francisco and Oakland are 
in a very unsatisfactory condition so 
far as the delivery of printed matier is 
concerned. After the fire, the post- 
master at San Francisco discharged a 
large portion of the carrier force 
formerly employed in delivering mail in 
the district burnedover. A large part of 
the population and many business 
establishments have located in Oak- 
land where the congestion of postal 
matter is such that no attempt is made 
to deliver periodicals, the regular carrier 
force being unequal to the task, although 
it has been supplemented by all the extra 
men permitted by the appropriation for 
the оћсе. А new appropriation must 
be based upon new census returns, and 
no immediate improvement is expected. 
It is reported that many tons of printed 
matter have been destroyed by instruc- 
tion of the San Francisco postmaster, in 
order to remove the accumulation which 
could not be delivered under existing 
conditions. Аѕ this state of affairs is 
well understood by people who are 
familiar with the facts, there have 
probably been few complaints made to 
publishers; but it seems to be a hardship 
that after the lapse of six months, the 
post-office department should be unable 
to meet the conditions. 
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St. Lovis. 

A meeting of this branch was held at 
the Engineers' Club, St. Louis, October 
24, 1906, present 14 members and seven 
visitors. 

It was voted to appoint a local mem- 
bership committee to increase the mem- 
bership of the St. Louis Branch. An- 
nouncement was made by the secretary 
that the executive committee was mak- 
ing arrangements for the program for 
the year, and that an original paper for 
the next meeting had been secured. 

The inaugural address of President 
Sheldon was read in full by Mr. Frank 
Gaiennie, and discussed by a number 
of those present, the general opinion 
being that the recommendations should 
be put in force at once. 

The Institute paper on '' The Effect 
of Iron in Distorting Alternating-Cur- 
rent Wave Form ” was abstracted and 
discussed by A. S. Langsdorf. 

The Institute paper on ‘ Current 
Transformers ” was read by Mr. Н. I. 
Finch, and discussed bv Messrs. Ballman 
and Langsdorf. 

The Secretary announced that the 
next meeting would be held on Wednes- 
day, November 17, when Mr. Ferguson 
of the U. S. Incandescent Lamp Co. 
would read a paper on '' Present Ten- 
dencies in Incandescent Lamp Work- 
ing.” 


SYRACUSE UNIVERSITY. 

With an attendance of 6 members 
and 11 visitors, this branch held a meet- 
ing October 18th, at Smith College, 
Dr. W. P. Graham presiding. The fol- 
lowing original papers were presented: 

" Syracuse Terminal of the Niagara 
Falls Transmission Line." 

“The Howlett-Hill Sub-station of 
the Auburn and Syracuse Electric Rail- 
road." 


TORONTO. | 

The first regular monthly meeting, 
season 1906-7, was held at the Engi- 
neers’ Club, 96 King Street, West, on 
Friday, November 9. Mr. A. E. Fleming 
presented an original paper entitled, 
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“ Nernst Lamps." Mr. Louis W. Pratt 
has been elected secretary-treasurer to 
succeed Mr. R. T. MacKeen, resigned. 


WASHINGTON, D. С. 


The first meeting of the Washington 
branch for the season 1906-7, was held 
October 19th, in the main hall of the 
George Washington University. The 
subject for consideration was Mr. J. E. 
Woodwell's paper on ''Illumination," 
recently presented before the Illumina- - 
ting Engineers' Society in New York. 
It was illustrated with lantern slides. 

The executive committee is arranging 
the program for the year. It isproposed 
to hold eight monthly meetings, each 
to be on a broad subject, with the full 
responsibility for the success of each 
program dependent on a specialist in the 
particular subject. Despite inclement 
weather, the meeting of October 19th 
was well attended; a testimonial to 
the success of well organized effort. 


WASHINGTON UNIVERSITY, ST. Louis. 


On Thursday, November 1, the Wash- 
ington University Branch was reorgan- 
ized for the year with Professor А. S. > 
Langsdorf as chairman and W. E. Bryan 
as secretary. It was decided to hold two 
meetings per month, instead of one as 
heretofore, and that the dates of the 
meetings should be second and fourth 
Wednesdays of the month; that held on 
the second Wednesday to be merged 
with the regular monthly meeting of 
the St. Louis Branch at the Engineers' 
Club. 


Mapison, WISCONSIN. P 


A meeting of this branch was held 
October 25th, at the Doherty Engineer- 
ing Club, Mr. F. M. Conlee ‘presiding, 
with an attendance of 25 students and 
five visitors. Mr. F. M. Conlee was 
elected chairman, and J. W. Shuster, 
local secretary. 

The paper entitled '' Effect of Iron in 
Distorting Alternating-Current Wave 
Form,” provoked a general discussion. 
T. C Whelan abstracted the paper 
entitled, '' The Current Transformer." 
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Professor D. C. Tackson spoke about 
the advantage of Institute membership. 
The student section meets every Thurs- 
day and the general branch the fourth 
Thursdav of every month. 


WORCESTER POLYTECHNIC INSTITUTE. 
At a meeting of this branch on 
October 23rd, the president, A. P. 
Chapman, outlined the work for the 
coming vear, setting forth the oppor- 
tunities which the Institute has to offer. 
Members of the upper classes then ad- 
dressed the meeting on the subject of 
" Summer Experiences." | C. C. Quimby 
and L. I. Thomas spoke of their work 
with the American Telephone and 
Telegraph Co. Chester Starbird gave 
a short talk on the '' Manufacture of 
High-Tension Insulators.” S. №. Farns- 
worth told of his experiences with the 
G. E. Co. at Schenectady. The total 
attendance at this meeting was 55. 


Minutes of Meetings of the 
Institute. 

Meeting of the American Institute 
of Electrical Engineers, held in the 
Assembly Room, New York Edison Co., 
44 West Twenty-seventh Street, New 
York, Fridav Evening, October 26, 1906. 
President Sheldon cailed the meeting 
to order at 8:30 o'clock. 

The Secretarv announced that at the 
meeting of the Board of Directors held 
during the afternoon there were 41 Asso- 
ciates elected as follows: 


ABBOTT, ARTHUR LAURIE, Superinten- 
dent of Construction, W. 1. Gray and 
Co.; res, 406 Oak St. S. E., Minne- 
apolis, Minn. 

ALTMAYER, Hvco, Vice-President and 
Superintendent of Shops, Farnsworth 
Elec. Works, 724 18th St.; res., 3641 
Jackson St., San Francisco, Cal. 

ASH, ALBERT Lynn, Assistant Superin- 
tendent, Sta. A, Philadelphia Electric 
Co.; res, 745 М. 40th St., Philadel- 
phia, Pa. 

BacHE-Wilc, JENS, Engineer, Westing- 
house Elec. Mfg. Co., Pittsburg; res., 
Wilkinsburg, Pa. 
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Busu, GEorGE TickióB, Engineering 
Dept., Southern Bell Tel. and Tel. 
Co., Atlanta, Ga. 

CLAREMONT, ERNEST ALEXANDER, Man- 
aging Director, W. T. Glover and Co., 
Ltd.; res., Throstle Nest House, Old 
Trafford, Manchester, England. 

COKEFAIR, CHARLES Corr, President, 
Great Northern Development Co., 
Duluth, Minn. 

Cory, RusseLL Gapvs, Electrical Engi- 
neer, with C. O. Mailloux, 76 William 
St., New York City; res., 174 Harrison 
Ave., Montclair, N. J. 

CRAMER, STUART WARREN, Charlotte, 
N.C. 

DEL Mar, WILLIAM ARTHUR, Electrical 
Engineer, N. Y. C. &H. R. RR.; res., 
507 W. 14151 St., New York Сиу. 

Dickson, JOHN LANE, Superintendent 
Mount Union Light and Power Com- 
pany, Mount Union, Pa. 

Drew WILFRID JAMES Barre, Elec- 
trical Engineer, Canadian G. E. Co., 
14 King St. East; res., 412 Huron 
St., Toronto, Ont. 

FARMER JV, Tuomas, Engineer, Con- 
solidated Car Heating Co.; res., 355 
State St., Albany, N. Y. 

Foot, BENJAMIN Dean, Electrical En- 
gineer, G. E. Co.; res., 629 Liberty 
St., Schenectady, N. Y. 

GARDNER, CHARLES FRANCIS, Electrical 
Engineer, United Illuminating Co. of 
Maine, 95 Milk St., Boston, Mass.; res., 
Belfast, Maine. 

Hart, WALTER SCUDDER, Erecting En- 
gineer, Electric Storage Batterv Co., 
1400 Association Bldg., Chicago, Ill. 

HarRVEY,  THORNDYKE, 
Foreman, G. E. Co, 
Bldg., Chicago, Ill. 

HESKETT, ROLLAND McCARTNEY, Man- 
ager, Knox Engineering Co., 1410 
Fisher Bldg., Chicago, Ill. 

Hussey, ABE, Superintendent of Lines 
on Electric Zone, N. Y. C. & H. R. 
R.R. Co., Port Morris Power House. 
142d St. and East River, N. Y. City. 

JALONICK, HARTWELL, Apprentice, С. E. 
Co.; res., 1233 State St., Schenectady, 
N. Y. | 


Construction 
Monadnock 
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Kasuya, Youji, Superintendent of Mo- 
tive Power, Tokvo Densha Tetsudo 
Co., Tokyo, Japan. 

KoBAYASHI, WADACHI, Superintendent, 
Kanazawa Elec. Co., Shimohonda- 
machi, Kanazawa, Kaga, Japan. 

LEASE, LEONARD JOHN, Draftsman, 
Western Elec. Co.; res., 918 N. 41st 
Court, Chicago, Ill. 

LESTER, WILLIAM Junius, Chief Engi- 
neer, Anthony Shoals Power Co., 
Washington, Ga.; res., Fredonia, N. Y. 

Lewis, MorGAN Miles, Asst. Engineer, 
Visalia Elec. Railroad Co., Exeter; 
res., 55 3d St., Santa Cruz, Cal. 

LUNDQUIST, RUBEN Атум, Electrician 
on Construction, Missouri River Power 
Co., Canyon Ferry, Mont. 

McCoy, Cart, Draftsman, Washington 
Water Power Co., 716 1st Ave., Spo- 
kane, Wash. 

Отто, FREDERICK ARTHUR, Asst. Super- 
intendent, St. Paul Gas Light Co., 609 
Marshall Ave.; res., 584 Grand Ave., 
St. Paul, Minn. 

PARK, ALBERT E., General Manager, 
Des Moines Winteser and Creston 
Elec. Railway Co., 608 I. R. T. Bldg., 
Des Moines, Iowa. 

PowELL, RICHARD CHEADLE, Draftsman 
Washington Water Power Co.; res., 
1214 Sprague Ave., Spokane, Wash. 

Pratt, GEORGE Lewis, Vice-President, 
N. P. Pratt Laboratory, Atlanta Ga. 

RAUvCH, WILLIAM GEORGE, General In- 
spector, Engineering Dept., Southern 
Bell Tel. and Tel. Co.; res., 386 Pied- 
mont Ave., Atlanta, Ga. 

RODGERS, GEORGE BRANNER, Consult- 
ing Engineer, Assistant, Charles H. 
Ledlie, 918 Rialto Bldg., St. Louis, 
Mo. 

Scott, CHARLES RALPH, Central Office 
Manager, N. Y. and N. J. Telephone 
Co.; res., 66 Cary Ave., West New 
Brighton, N. Y. 

SHOEMAKER, JOHN FRANKLIN, Electrical 
Engineer, Gishott Machine Co.; res., 
921 Spaight St., Madison, Wis. 

WALLACE, ERNEST LeRoy, Instructor 
Electrical Engineering, Amer. School 
of Correspondence, 3209 State St.; 
res., 3226 Vernon Ave., Chicago, Il. 
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Waite, ERNEST CANTELO, Illuminating 


Engineer, Aikins Bldg., Winnipeg, 
Can. 
Wicks, ERNEST BULMER PRIESTLEY, 


Outside Foreman, A. E. Brown, Graf- 
ton St., Linwood, Christchurch, N. Z. 

Wicks, Hangorp BULMER PRIESTLEY, 
Workshop Foreman, A. E. Brown, 
Grafton St., Linwood, Christchurch, 
N. Z. 

WRIGHT, Leon Mirrs, Chief Electrician, 
О. S. Navy, U. S. F. S. “ Chicago," 
San Francisco, Cal. 

YATES, THOMAS JARVIS, Superintendent 
City Electric Service, Utah Light and 
Railway Co., 1152 Bryan Ave., Salt 
Lake City, Utah. 


Total 41. 


The Secretary announced further that 
the following Associates were transferred 
to the grade of Member: 


ARMIN Henry PIKLER, Engineer in 
Charge of Transformer Department, 
Crocker-Wheeler Company, Ampere, 
New Jersey. 

Otto Martin Rav, General Superin- 
tendent Electric Lighting, and Chief 
Electrician, Milwaukee, Wis. 

WaRREN Ray Tuompson, Engineer, 
British Westinghouse Electric and 
Mfg. Co., Trafford Park, Manchester, 
Eng. 

ARTHUR Bowers SriTZzER, Electrical 
Engineer, Philadelphia Rapid Transit 
Company, Philadelphia, Pa. 

ARTHUR THOMAS Cooper, Electrical 
Engineer, Bombay Electric Supply 
and Tramways Co., Ltd., Bombay, 
India. 

Tuomas HESKETH, Folkestone, England 

ALLEN Harwoop Bascock, Electrical 
Engineer, Oakland, Cal. 

HERBERT С. Wirt, Chief Engineer, Sup- 
ply Dept., General Electric Company, 
Schenectady, №. Y. 

Harry GUTHRIE Spain, Chief Electri- 
cian to Post-Office and Government 
of British Guiana, South America. 

THEODORE HANAMANN SCHOEPF, Asst. 
Engineer, British Westinghouse Elec. 
and Mfg. Co., Ltd., London, England. 
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SEBASTIAN ZIANI De Ferranti, Elec- 
trical Constructor, Hampstead, Lon- 
don, England. 

JOHN FRANCIS CLEVERTON SNELL, Chief 
Electrical and Tramways Engineer to 
the Corporation of Sunderland, Town 
Hall, Sunderland, England. 

ALoIs JOHN JOSEPH PFEIFFER, Elec- 
trical Engineer, Calcutta Tramways 
Co., Ltd., Calcutta, India. 

Harry LEPPER KIRKER, Construction 
Department, W. E. & M. Co;, Pitts- 
burg, Pa. 

RoBERT HAMMOND, Consulting Engineer 
64 Victoria St., Westminster, London, 
Eng. 

ARTHUR WiLLIAM BERRESFORD, General 
Manager, The Cutler-Hammer Mfg. 
Co., Milwaukee, Wis. 

A paper entitled, ' The Audion, a 
new receiver for Wireless Telegraphy ”’ 
by Lee DeForest, Associate A. I. E.E., 
was presented by the author and then 
discussed by Messrs. Michael I. Pupin, 
Percy H. Thomas, Sewall Cabot, J. B. 
Taylor, Frank J.Vreeland, E. P. Thomp- 
son, and the author. 

(For paper see October, 1906, PRo- 
CEEDINGS, page 719; for discussion, see 
December, 1906, PROCEEDINGS.) 

Secretary Pope, stated that at the 
meeting of the Board of Directors 
the representatives of the Institute 
on the joint Building Committee of the 
Engineers’ Building reported that it was 
expected that the building would be 
practically ready for occupancy Ьу the 
three founder societies on December 
15th, next. No meetings will be held 
there, however, and there will be no 
opening of an official character, until 
April next, as it is the intention to make 
the dedication racher an important 
event in the engineering history of the 
country. Arrangements for a function 
of this character will consume some 
months, and it is especially desirable 
that the building shall be fully com- 
pleted, occupied, and every department 
of the same in full and actual operation, 
before what may be termed the official 
housewarming takes place. About 
December 15th, the office floors will be 
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accessible by elevators, and members 
will be able toexamine the building. but 
it is the intention to refrain from any- 
thing in the way of an opening that mav 
be publicly reported, in order that there 
may be no dampening effect on the 
official opening. The tenth floor, which 
is to be occupied by the Institute, 1s 


: practically completed with the exception 


of tinting the walls and finishing the 
woodwork. There remains for final com- 
pletion the main auditorium and the 
grand entrance-hall on the ground floor. 


Institute Committees. 

The Committee on Increase of Mem- 
bership while striving to maintain a 
high standard of excellence in the can- 
didates presented for election as Asso- 
ciates, is aware that in many cases an 
electrical engineer is so isolated from 
the great body of his profession that 
he may not be personally acquainted 
with any Associate or Member. In such 
cases it is provided in the By-laws that 
the applicant may refer to civil, mech- 
anical, or mining engineers, or any other 
citizens of standing in the community. 
If his record of experience, and the 
opinions of references are entirely sat- 
isfactory, the members of the Board of 
Examiners may assume the responsibil- 
ity of endorsing the applications. It is 
essential, however, that the candidate 
should specifically state that he is not 
personally known to three members 
whose names appear in the most recent 
catalogue or directory of the Institute. 


COMMITTEE ON PAPERS. 

Mr. H. G. Stott, chairman of the Com- 
mittee on Papers, submits the following 
tentative program for future meetings 
of the Institute: 

December 28, 1906: ‘‘ Action and 
Efficiency of Choke-Coils,” by К. P. 
Jackson. 

January 25, 1907: “ Electrification of 
Steam Railwavs," by Messrs. Stillwell 
and Putnam. 

March 1, 1907: * Lightning and 
Lightning Protection," by Messrs. Stein- 
metz, Creighton, Rushmore. 
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March 29, 1907: '' Turbo-Alternators,”’ 
by B. A. Behrend. 

“ Zigzag Leakage of Induction Mo- 
tors," by К. E. Helmund. 

The following papers nave been prom- 
ised: 

“ Alternating-Current 
J.-L. R. Hayden. | 

“ Engineering Specifications " bv C. 
W. Ricker. 

" Railway Subjects," by A. H. Arm- 
strong and W. I. Slichter. 

The following have agreed to con- 
tribute papers: | 

A. E. Kennelly, Horatio Foster, 
Comfort A. Adams, John B. White- 
head. 


Electrolysis.” 


Institute Style. 

In editing and proofreading papers 
and discussions, the Institute is guided 
by the following recognized authorities: 

Standard Dictionary. 

Teall’s “ English Compound Words 
and Phrases." 

Hill's ‘“ Foundations of Rhetoric." 

Ayres’ '' The Verbalist."' 

DeVinne's '' Correct Composition." 

W'endell's “* English Composition." 

Roget’s '' Thesaurus." 


ABBREVIATIONS. 

Abbreviations to be used in the text, 
or general reading matter, and not those 
to be used in special matter, such as 
columns, box-headings, plates, figures, 
etc., are referred to here. The rules that 
follow are intended to apply to the text, 
and not primarily to such special mat- 
ter. It is impracticable to make gen- 
eral rules applicable to special matter; 
but the rules herein stated should be 
followed as far as possible, even in spe- 
cial matter, with the understanding, 
however, that clearness is of the first 
importance, and that all rules must be 
secondary to that consideration. 

1. Use abbreviations only after nouns 
denoting a definite quantitv. Example: 
“ The power plant has a capacity of 
10 h.p.," not * 10 horse power ”; but, 
" The capacity of the plant, in horse 
power, is ten." 
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2. Do not abbreviate abstract or de- 
scriptive words. Example: '' Horizontal 
return tubular boilers” not “ h.r.t. 
boilers.” 

3. Use lower case characters for ab- 
breviations. An exception to this rule 
may be made in the case of words spelled 
normally with a capital. Example: 
“ B.t.u." and not '' b.t.u.” nor “B.T.U.” 
(British thermal unit).  ' U.S. gal." 
(United States gallon); "B. & S. 
gauge " (Brown & Sharpe gauge). 

4. Use a period after each abbrevia- 
tion. In a compound abbreviation, do 
not use a space after the period. Ex- 
ample: “i.h.p.” and not “i. h. p.” 
(indicated horse power). 

5. Use a hyphen to connect abbrevia- 
tions in cases where the words would 
take a hyphen if written out in full. 
When a hyphen is used, omit the period 
immediately preceding the hyphen. Ex- 
ample: ‘‘ 3 kw-hr.” and not '' 3 kw.-hr.” 
(3 kilowatt-hours). 

6. Use all abbreviations in the sin- 
gular. Example: '' 17 1b.” and not “ 17 


lbs." (17 pounds). ''14 in." not “ 14 
ns.” (14 inches). 

7. Never use '" p." for “per,” but 
spell out the word. Example: '' 100 


ft-lb. per ton" (100 foot-pounds рег 
ton); ' 60 miles per hr." (60 miles per 
hour). 

8. Use decimals, as far as possible, 
in place of vulgar fractions. Example: 
" 1.25 ft." not “ 11 ft.” 

9. In general, spell out an adjective 
qualifying the name of a unit. Exam- 
ple: * Boiler h.p.” (boiler horse power). 
The exceptions to this rule are: '' i.h.p."' 
(indicated horse power), '' e.h.p."' (elec- 
tric horse power), '' b.h.p." (brake horse 
power), '" e.m f." (electromotive force), 
“© m.m f." (magnetomotive force). 
` 10. Use " Fig." not “ Figure." Ex- 
ample: '' Fig. 3” and not '' Figure 3.” 

11. In all decimal numbers having no 
units a cipher should be placed before 
the decimal point. Example: “ 0.32 1b.” 

t ''.;32 Ib." 


12. Use the word “ bv" instead of 
“x” in giving dimensions. Example: 
“8 by 12 in." not " Sx 12 in." 
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13. Never use the characters ('/) or 
(^ to indicate either feet and inches, 
or minutes and seconds as periods of 
time. 

The following forms are given as 
ilustrations of these rules, and are re- 
commended to be used: 


Name. Abbreviation. 
Amperes spell out 
Ampere-turn spell out. 
Brake horse power b.h.p. 
British thermal units B.t.u. 
Candle-power с-р. 
Centigrade cent. 
Centimetres cm. 
Circular mils cir. mils 
Cubic cu. 
Diameter spell out 
Electric horse power e.h.p. 
Electromotive force e.m.f. 
Fahrenheit fahr. 
Feet ft. 
Gallons gal. 
Grains gr. 
Grammes g. 
Gramme-calories g-cal. 


High-pressure cylinder spell out 
Hours hr. 
Inches in. 
Indicated horse power — i.h.p 
Kilogrammes kg. 
Kilogramme-metres kg-m 
Kilogramme-calories kg-cal 
Kilometres km. 
Kilovolt kv. 
Kilovolt-ampere kv-a 
Kilowatts kw. 
Kilowatt-hours kw-hr. 
Linear lin. 
Magnetomotive force m.m.f. 
Mean effective pressure spell out 


Miles 


spell out 


Miles per hour per second 


mules per hr. per sec. 


Millimetres 


mm. 
Milligrammes mg. 

Minutes min. 

Metres m. 
Metre-kilogrammes m-ky. 

Ohms spell out 

Per spell out 
Percentage Co or pencent 
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Name. А bbreviation. 
Potential drop spell out 
Pounds lb. 
Power-factor spell out 


Revolutions per minute rev. per min. 


Seconds sec. 
Square sq. 
Switchboard spell out 
Tons spell out 
Volts spell out 
Watts spell out 


Watt-hours watt-hr. 
Waits per candle-power watts per c-p. 
Yards yd. 


Applications for Election. 

Applications have been received by the 
Secretary from the following candidates 
for election to the ĪNSTITUTE as Asso- 
ciates; these applications will be con- 
sidered by the Board of Directors at a 
future meeting, 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before December 28, 1906. 


5396 J. L. Buchanan, Schenectady, N.Y 
5397 J. L. Burnham, Schenectady, N.Y. 
5398 E. A. Hawkins, Baldwin, М. Y. 
5399 К. L. Browne, New York City. 
5400 J. J. Nielson, Chicago, Ill. 

5401 W. A. Putnam, Tallahassee, Fla. 
5402 А. В. Sanborn, Philadelphia, Pa. 
5403 Henry Urban, Brussels, Belgium. 
5404 E. M. Wharff, Newark, N. Y. 


5405 L. E. Wiman, Schenectadv, N. Y. 
5406 N. A. Carle, Denver, Colo. 
5407 H.S.G. Hurlbut, Wilkinsburg, Pa 


5409 F. Coggeshall, Pittsfield, Mass. 
5410 Shirley R. Crosse, Cambridge, Ms. 
5411 A. P. Denton, Schenectady, N. Y. 
5412 O. I. Eberhardt, E. Orange, N. J. 
5413 Cale R. Gough, Chicago, Ill. 
5414 Henry A. Mentz, Baltimore, Md. 
5415 W.F. Patton, Jr., Wilkinsburg, Ра 
5416 F. G. Rush, Birmingham, Ala. 
5417 L. А. Stenger, Minneapolis, Minn. 
5418 A. T. VanValkenburg, Chicago, Ill. 
5419 C. О. von Dannenberg, Stapleton, 
М.Ү. 
5420 John Е. Wilson, Woodward, Okla. 


N. 
5408 E. C. Brown, New York City. 
R. 
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5421 Walter D. Uptegraff, Pittsburg, Pa. 
5422 К. W. Adams, Providence, К. I. 
5423 H. B. Emerson, Schenectady, N. Y 
5424 E. J. Spencer, St. Louis, Mo. 
5425 W. C. Wagner, Seattle, Wash. 
5426 M. O. Hamblin, Kalamazoo, Mich. 
5427 Wilson McCandless, Overbrook, Ра 
5428 I. W. Barber, Mount Airy, N. C. 
5429 W.D. N. Morgan, Edinburgh, Scot. 
5430 E. B. Smith, Newark, N. J. 
5431 Howard J. Wood, Baltimore, Md. 
5432 M.L. Foster, Jr., Wilkinsburg, Pa. 
54133 J. Н. Deppeler, E. Orange, N. J. 
5434 F. R. Davis, Schenectadv, N. Y. 
5435 E. A. Wright, Ithaca, N. Y. 
.5436 К. M. Alvord, Berkeley, Cal. 
5437 M. W. Day, Schenectady, N. Y. 
5438 Lewis Fussell, Madison, Wis. 
5439 C. G. Lee, Jr., Ithaca, N. Y. 
5440 A. E. Allen, Newark, N. J. 
5441 James L. Cole, Newark, N. J. 
5442 Armin Hartrath, New York City. 
5443 G. S. Rose, Schenectadv, N. Y. 
5444 W. B. Kounwenhoven, Brooklyn. 
5445 V. W. Shear, Wilkinsburg, Pa. 
0446 Lyman Shepard, Edenton, N. C. 
5447 E. S. Lytch, Mulberrv, Fla. 
5448 L. H. Ades, Chicago, Ill. 
5449 J. E. Murphy, Brooklyn, N. Y. 
5450 W. H. Bauer, San Francisco, Cal. 
5451 P. H. Powell, Christchurch, N. Z. 
5452 A. L. Johnston, Jr., Schenectady, 
N. Y. 
5453 C. A. Buechner, Brooklyn, N. Y. 
5454 E. A. Leslie, Brooklvn, N. Y. 
5455 A. E. Н. Denham Peren, Christ- 
church, Hampshire, Eng. 
5456 A. W. Post, Westbury, L. I. 
5457 D. S. Smith, Brooklyn, N. Y. 
5458 W. W. Sloane, Chicago, Ill. 
5459 R. E. Buxton, Pittsfield, Mass. 
5160 R. C. Taggart, New York City. 
5461 H. A. Brown, Pittsburg, Pa. 
5462 August J. Fry, Chicago, Ill. 
5463 L. W. Miller, Boston, Mass. 
5464 Karl R. Ogden, Pittsburg, Pa. 
5465 J. H. Roddey, Charlotte, N. C. 
5466 A. R. Smith, Schenectady, N. Y. 
5467 Guy K. Mitchell, Baltimore. Md. 
5468 Myles K. Roffey, Littlecot, Eng. 
5469 Arthur Williston Henshaw, Pitts- 
field, Mass. 
Total, 74. 
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Personal. 

Mr. Јонх D. Kerrey has been ap- 
pointed Electrical Engineer of the New 
York Central & Hudson River Rail- 
road. 


Mr. J. W. KIRKLAND has removed 
from South Africa and is now with the 
McCall Ferry Power Company, New 
York. 


MR. Cart ScHWaARTz has been ap- 
pointed Engineer of Power Stations of 
the New York Central & Hudson River 
Railroad. 


Mr. L. A. PuHirLiPS, formerly with 
Sanderson & Porter, New York, has 
gone with the Westinghouse Machine 
Co., Pittsburg, Pa. i 


Mr. Epwin B. Karre has been 
appointed Chief Engineer of Electric 
Traction of the New York Central & 
Hudson River Railroad. 


Mr. F. W. HILLIARD, Student, form- 
erly with the G. E. Co., at Lynn, Mass., 
has gone to Chicago, Illinois, remaining 
with the same company. 


Mr. P. T. Hanscom, formerly of Sche- 
nectady, N. Y. has changed his address 
to Colorado Springs. Colorado, in the 
service of Curtis & Hine. 


MR. S. E. Hutton, of Chicago, Illinois 
has become Assistant Professor of Me- 
chanical Eng:neering at the University of 
Kansas, Lawrence, Kanas. 


Mr. L. M. Zapp has left Highland 
Park, ll'nois, and is associated with 
А. L. Drum & Co., Consulting and Con- 
structing Engineers, Chicago. 


Mr. Francis P. Јонмѕом, formerly 
with the Shaw Electric Crane Co., Mus- 
kegon, 15 now connected with Fairbanks, 
Morse & Co., at Detroit, Michigan. 
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Мк. L. G. Van Ness, has left the 
Union Electric Light & Power Co., of St. 
Louis, Mo., removing to the Memphis 
Trust Building, Memphis, Tennessee. 


Mr. GeorceE К. Kartser, of Niagara 
Falls, New York, is now Engineer with 
the Moore Electric Co., Newark, N. J. 


Mr. H. W. Turner has changed his 
.address from Trafford Park, Man- 
chester, England, to Oswaldestre House, 
Norfolk St. Strand, London, W. C. 


Mr. CorLEMAN C. Parks, has left 
Colorado Springs, Colo., and is at present 
connected with the Stone & Webster 
Engineering Corporation, at Terre Haute, 
Indiana. 


Mr. F. A. WirLiAMS, Engineer of the 
Hotel Victory, Put-in-Bay Ohio, has 
sailed for Nassau, N. P., where he will 
remain until April next as Engineer of 
the Colonial Hotel. 


Mr. J. W. Estes has removed from 
East Orange, New Jersey, to Atlanta, 
Georgia, where he is employed in the 
contract department of the Crocker- 
Wheeler Company. 


Mr. Georce Е. CHE tis, formerly 
foreman with the Interborough Rapid 
Transit Co., is now an erecting engi- 
neer for J. G. White & Co., 43 Exchange 
Place, New York. 


Mr. Harry J. Worr, formerly Assist- 
ant Electrical Engineer, with the 
Telluride Power Co., Telluride, Colo., has 
become Chief Engineer, Camp Bird Mine, 
Camp Bird, Colorado. 


Mr. Gustav Wirric, formerly with 
Westinghouse, Church, Kerr & Co., New 
York, has become Instructor in Electri- 
cal Engineering at the University of 
Maine, Orono, Maine. 


Mn. С. Н. Patter, Constructing 
Engineer, Chattanooga Electric Co., has 
left that Company to become Secretary 
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and Treasurer of the Truxal-Painter Mfg. 
Co., of Chattanooga, Tenn. 


MR. Irvinc Loverincr, formerly 
Manager of the Bell Telephone Mfg. 
Co., at Antwerp, is now connected with 
the Western Electric Company, North 
Woolwich, London, England. 


Mr. Georce A. HARwoop has been 
appointed Chief Engineer of Electric 
Zone Improvements, exclusive of Elec- 
tric Traction and Signals, New York 
Central & Hudson River Railroad. 

PROFESSOR WM. L. PUFFER has re- 
signed from the Massachusetts Institute 
of Technology, and will hereafter carry 
on business asconsulting Electrical En- 
gineer and Expert, at his office 307 
Equitable Building, Boston, Mass. 


Mr. W. W. Ray, Erecting Engineer, 
G. E. Co., at Minneapolis, Minn., has 
removed to Kansas City, Missouri, and 
is now associated with the E. L. Overton 
Engineering Company of that city. 


MR. С. A. HOWELL has removed from 
Los Angeles, California, to Holtville, 
in the same state, and is now with the 
Holton Interurban Railway Co., and 
Holton Power Co., as superintendent. 


MR Geo. C. SHaap, has left the Uni- 
versity of Wisconsin, Madison Wis., 
to take the position of Assistant Profes- 
sor of Electrical Engineering, at the 
Massachusetts Institute of Technology. 


Mr. EUGENE CARPENTER, formerly 
superintendent of the Orange County 
Power Co., at Cuddebackville, N. Y., is 
now associated with the electric driven 
refrigerating plant, at Newton, Mass. 


Mr. Р. F. BALLINGER, who has been 
away from this part of the world since 
last spring, is now with the Charlotte 
Consolidated Construction Co., of Char- 
lotte, N. C, as manager of the Gas 
Department. 
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MR. E. H. SEAMAN, Electrical and Me- 
chanical Engineer, has left New Yorkto 
become associated with the Fried Mfg. & 
Power Co. of Winston-Salem, N. C. Mr. 
Seaman has also entered into the estate 
of matrimony, his bride being formerly 
Miss Julia E. W. Jones, of Wantagh, 
L. I. 


CHARLES G. BURTON, for many years 
associated with the selling organizations 
of the Westinghouse Electric & Mfg. 
Co., the National Electric Co., and the 
Allis-Chalmers Co., principally in the 
Central Western States, has recently 
resigned his position with the latter 
company to become Manager of the 
Peru Electric Mfg. Co., of Peru, Indiana. 


Proressor Н. E. CrirrFonD of the 
Massachusetts Institute of Technology, 
who has temporarily been directing the 
affairs of the Electrical Engineering De- 
partment, wil now be relieved from 
this executive work through the recent 
appointment of Professor D. C. Jackson 
to the Electrical Engineering Depart- 
ment, and is planning to devote consid- 
erable time to consulting engineering. 


Pittsburg Annual Dinner. 

The Pittsburg Branch purposes to in- 
augurate the plan of holding an annual 
dinner for members and their friends. 
The idea of the members of the execu- 
tive committee is that each local mem- 
ber shall have the opportunity of in- 
viting a friend who is or may become 
interested in the Institute, thereby af- 
fording an opportunity for non-mem- 
bers to extend their acquaintance among 
the local members. It is planned to 
hold the first annual dinner in Pittsburg 
about the middle of December. 


November Meeting of the 
Institute. 

The 211th regular meeting of the 
American Institute of Electrical Engi- 
neers was held in the Assembly Room 
of the New York Edison Company, No. 
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44 West 27th Street, New York, on 
Friday, November 23, 1906, at 8:15 p.m. 
The following papers were presented: 

1. New Types of Incandescent Lamps, 
by Clayton H. Sharp, Test Officer. New 
York Electrical Testing Laboratories. 

2. Transformation of Electric Power 
into Light, by Charles P. Steinmetz, 
Consulting Engineer of the General 
Electric Co., Schenectady, N. Y. 

The papers were discussed by Messrs. 
J. W. Lieb, Jr., Vice-president New York 
Edison Company; W. C. L. Eglin, Elec- 
trical Engineer of the Philadelphia 
Electric Company; and P. H. Thomas, 
Chief Electrician of the Cooper Hewitt 
Electric Company. 


December Meeting. 


The 212th meeting of the Institute 
wil be held in the auditorium of the 
New York Edison Company, 44 West 
27th Street, on Friday, December 28. 
The following papers will be presented: 

Action and Efficiency of Choke-Coils, 
by Ray Philip Jackson, Westinghouse 
E. & М. Co. Pittsburg, Pa. 


Frontispiece. 


The first sample electric locomotive 
for the №. Y., М. H.& H. RR. serv- 
ice 15 shown in the frortispiece of this 
issue. 

Weight, 90 tons. 

Motors, 4 a.c. each, 250 h.p.; con- 
tinuous rating, 200 h.p. 

Operating e.m.f., 11,000 volts. 

One phase 25 cycles. 

Subsequent machines wil be mater- 
ially changed in form. 


Obituary. 


A. Н. Harpy Tnorr, son of the late 
Captain Samuel Trott, died at his home 
in England some time ago, although the 
notice has but recently reached the In- 
stitute office. His father paid his life 
membership fee when he was elected, 
an Associate January 20, 1891. Не 
had been an invalid for several years. 
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JOHN J. CARTY, Chairman, 
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JAMES G. WHITE, New York, N. Y. 
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HENRY G. STOTT, Chairman, 
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BOARD OF EXAMINERS. 


WILLIAM MAVER, JR., Chairman, 
136 Liberty St., New York, N. Y. 


H. FLEETWOOD ALBRIGHT, New York, N. Y. 


FRANK W. ROLLER, New York, N. p? 
LEWIS B. STILLWELL, New York. N. X: 
TOWNSEND WOLCOTT, New York, N. Y. 


LIBRARY COMMITTEE. 


WILLIAM J. JENKS, Chairman, 

120 Broadway, New York, N. Y 
EDWARD CALDWELL, New York, N. Y. 
CHARLES F. CHANDLER, New York, N. Y. 
CHARLES A. TERRY, New York, N. Y. 

F. N. WATERMAN, New York, N. Y. 


EDITING COMMITTEE. 


THOMAS J. JOHNSTON, Chairman, 

11 Pine St., New York, N. Y. 
GANO DUNN. Ampere, N. J. 
CECIL P. POOLE, New York, N. Y. 
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Special Committees. 


STANDARDIZATION COMMITTEE. 


FRANCIS B. CROCKER, Chairman, 

Columbia University, New York, N. Y, 
ARTHUR W. BERRESFORD, Milwaukee, Wis. 
DUGALD C. JACKSON, Madison, Wis. 
ARTHUR E. KENNELLY, Cambridge. Mass. 
C. О. MAILLOUX, New York, №. Y. 

ROBERT B. OWENS, Montreal, Can. 
CHARLES F. SCOTT, Pittsburg. Pa. 
HENRY G. STOTT, New York, М. Y. 
CHARLES P. STEINMETZ, Schenectady, N. Y. 
SAMUEL W. STRATTON, Washington. D. C. 
ELIHU THOMSON, Lynn, Mass. 


COMMITTEE ON LAW. 


C O. MAILLOUX, Chairman, 
76 William St., New York, М. Y. 


ALBERT Н. ARMSTRONG, Schenectady, N. Y. 


CLAYTON W. PIKE, Philadelphia, Pa. 
PAUL SPENCER, Philadelphia, Pa. 
CHARLES A. TERRY, New York, N. Y. 


BUILDING FUND COMMITTEE. 


T. COMMERFORD MARTIN. Chairman, 
114 Liberty St., New YOrk, N. Y. 
JOHN C. BARCLAY, New York, N. Y. 
JOHN J. CARTY, New York, N. Y. 
CHARLES L. EDGAR, Boston, Mass. 
FRANCIS W. JONES, New York, N. Y. 
JOHN W. LIEB, JR., New York, N. Y. 
FRANK J. SPRAGUE. New York, N. Y. 
JAMES G. WHITE, New York, N. Y. 


COMMITTEE ON FOREST PRESERVATION. 


FREDERIC A. C. PERRINE, Chairman, 
60 Wall St., New York, N. Y. 
HORATIO A. FOSTER, Baltimore, Md. 
PHILIP G. GOSSLER, New York, N. Y. 
WILLIAM P. JUDSON, Broadalbin, N. Y. 
HENRY A. PRESSEY, Washington, D. C. 
CHARLES A. WADDELL, Biltmore, N. C. 


COMMITTEE ON A CODE OF ETHICS, 


SCHUYLER SKAATS WHEELER, Chairman, 
Ampere, N. J. 

HAROLD W, BUCK, New York, N. Y. 

CHARLES P. STEINMETZ, Schenectady, N. Y 
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PERCY H. THOMAS, Chairman, 

220 W. 29th St., New York, N. Y. 
FREDERICK C. BATES. New York, N. Y. 
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FRANK G. BAUM, San Francisco, Cal. 


NOTES AND COMMENTS. 20 


FRANCIS O. BLACKWELL, New York, N. Y. 
CUMMINGS C. CHESNEY, Pittsfield, Mass. 
M. H. GERRY, JR., Helena, Montana. 

PAUL M. LINCOLN, Pittsburg, Pa. 
RAYMOND S. MASSON, Los Angeles, Cal. 


COMMITTEE ON TELEPHONY. 


KEMPSTER B. MILLER, Chairman, 
Monadnock Buildinz, Chicago, Ill. 
EDWARD E. CLEMENT, Washington, D.C. 
WILLIAM W. DEAN. Elyria, O. 
BANCROFT GHERARDI, New York, N. Y. 
FRANK R. McBERTY, New York. 


COMMITTEE ON BIBLIOGRAPHY. 
WILLIAM D. WEAVER, New York, N. Y. 


NATIONAL ELECTRIC CODE COMMITTEE. 


FREDERIC A. C. PERRINE, Chairman, 

60 Wall St., New York, N. Y. 7 
JOSEPH C. FORSYTH, New York, N. Y. | 
А. М. SCHOEN, Atlanta, Ga. 

GEORGE F. SEVER, New York, N. Y. 

Н. A. SINCLAIR, New York, N. Y. 
ARTHUR WILLIAMS. New York, N. Y. 
CHARLES J. H. WOODBURY, Boston, Mass. 


LOCAL ORGANIZATION COMMITTEE. 


PAUL SPENCER, Chairman, 

Broad and Arch Sts., Philadelphia, Pa. 
LOUIS A. FERGUSON, Chicago, Ill. 
WINDER E. GOLDSBOROUGH, New York. 
HENRY H. HUMPHREY, St. Louis, Mo. 
KEMPSTER В. MILLER, Chicago, Ill. 
HENRY H. NORRIS, Ithaca, N. Y. 

DAVID B. RUSHMORE, Schenectady, N. Y. 


EDISON MEDAL COMMITTEE. 


JOHN W. HOWELL, Chairman. 
BANCROFT GHERARDI, Secretary. 
CHARLES 5. BRADLEY. 
CHARLES L. CLARKE. 
CHARLES L. EDGAR. 

JOHN Е. KELLY. 

Т. COMMERFORD MARTIN. 
CHARLES F. SCOTT. 

WM. HAND BROWNE, Jr. 
HENRY L. DOHERTY. 

GEO. A. HAMILTON. 
SAMUEL REBER. 

FRANK J. SPRAGUE. 
TOWNSEND WOLCOTT. 
HENRY G. STOTT. 


REPRESENTATIVES ON BOARD OF AWARD, 
JOHN FRITZ MEDAL. 

CHARLES F. SCOTT. 

BION J. ARNOLD. 

JOHN W. LIEB, Jr. 

SCHUYLER SKAATS WHEELER. 
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Local Secretaries. 


AMES, IOWA.—ADOLPH SHANE, 


Iowa State College. 


ANN ARBOR, MICH.—B. F. BAILEY, 


University of Michigan. 


ATLANTA, GA.—W К. COLLIER, 


230 Lawton Street. 


BALTIMORE, MD.—CHAS. G. EDWARDS, 
Electrical Commission, City Hall. 


BETHLEHEM, PA.— WILLIAM ESTY, 
Lehigh University. 


BOSTON, MASS.—C. H. PORTER, 
Dept. of Elec. Eng., Mass. Inst. Techno lozy. 


BOULDER, COL.—A. J. FORBESS, 
University of Colorado. 


CHICAGO, ILL.—C. E. FREEMAN, 


Armour Inst. of Technology. 


CHICAGO, ILL.—H. R. KING, 
Ы Western Electric Со. 


CINCINNATI, O0.—LAURENT LOWENBERG, 
Bullock Elec. Mfg. Co. 


University of Missouri, 


COLUMBUS, 0.—F. E. BEUTLER, 
| Ohio State University. 


COLUMBUS, 0.—H L. COOK, 
Engineers’ Club. 


FAYETTEVILLE, ARK.—L. S. OLNEY, 
University of Arkansas. 


ITHACA, N. Y.—H. H. NORRIS, 
Sibley College, Cornell University. 


LAFAYETTE, IND.—J. W. ESTERLINE, 
Purdue University. 


MADISON, WIS.—J. W. SHUSTER, 
University of Wisconsin 


PHILADELPHIA, PA.—H. F. SANVILLE, 
710 Girard Trust Bldg. 


PITTSBURG, PA.—H. D. JAMES, 
Westinghouse E. & M. Co. 


PITTSFIELD, MASS.—S. H. BLAKE, 
Stanley G. I. Elec. Mfg. Co. 


ST. LOUIS, MO —G. L. EVANS, 
Washington University. 


ST. LOUIS, MO.—A. S. LANGSDORF, 
Engineers’ Club. 


ST. PAUL, MINN.—BARRY DIBBLE, 
1317 Summit Ave. 


SAN FRANCISCO, CAL.—A. H. BABCOCK, 
1216 Webster St., Oakland 


SCHENECTADY, N. Y.—E. E. F. CREIGHTON, 
General Electric Co. 


SEATTLE, WASH.—W. S. WHEELER, 
3120 East Union Street. 


STATE COLLEGE, PA.—H. L. FREDERICK, 
Pennsylvania State College. 


SYRACUSE, N. Y.—A. М WYGANT, 
Syracuse University. 


TORONTO, ONT.—L. W. PRATT, 
Toronto El. Lt. Co. 


URBANA, ILL.—M. К. AKERS, 
University of Illinois. 


WASHINGTON, D. C.—PHILANDER BETTS, 


"The Oakland.” 


WORCESTER, MASS.—4. T. CHILDS, 
Worcester Poly. Inst 


Local Honorary Secretaries. 


JAMES S. FITZMAURICE, 
210 George St., Sydney, N. S. W. 


H. F. PARSHALL, 
Salisbury House, London Wall E. C., London. 


ROBERT B. OWENS, 
McGill University, Montreal, P. Q. 


WM. B. HALE, 
Arco de San Agustin 8, City of Mexico. 


CLARE F. BEAMES, 
[for Porto Rico and West Indies.] 
San Juan, P. R. 
W. С. T. GOODMAN, 
Dunedin, New Zealand. 
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LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organized. : Chairman. Secretary. Branch Meets. 
BRANCHES. 
: Atlanta............ Jan. 19, '04 | A. M. Schoen. W. R. Collier. 
| Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Boston............ Feb. 13, '03 | H. E. Clifford. C. H. Porter. 3d Wednesday. 
Chicago................. 1893 | Kempster B. Miller. H. R. King. lst Tuesday after 
N. Y. meeting. 
Cincinnati......... Dec. 17, '02| C. S. Reno. L. Lowenberg. 
Columbus......... Dec. 20, '03 | F. W. C. Bailey. H. L. Cook. lst Mondays. 
’ Minnesota .. Apr. 7, '02 | Edward P. Burch. Barry Dibble. lst Friday after 
N. Y. meeting. 
Pittsburg.......... Oct. 13, '02| Н. W. Fisher. H. D. James. 2d Tuesday. 
Pittsfield..........Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 
Philadelphia....... Feb. 18, '03 | W. C. L. Eglin. H. F. Sanville. 2d Monday. 
San Francisco...... Dec. 23, '04 | G. L. Cory. A. H. Babcock. 
Schenectady....... Jan. 26, '03 | D. B. Rushmore. E. E F. Creighton. | 2d Wednesday. 
Seattle............ Jan. 19, '04 | С. E. Magnusson. W.S. Wheeler. 2d Tuesday. 
St. Louis. ......... Jan. 14, '03| A. Н. Timmerman. A. S. Langsdorf. 2d Wednesday. 
Toronto.......... Sept. 30, '03 | R. G. Black. L. W. Pratt. 2d Friday. 
Washington, D. C.. Apr. 9, '03. | Edgar Russel Philander Betts. 1st Thursday. 
UNIVERSITY BRANCHES. 
Cornell University. .Oct. 15, '02 | E. L. Nichols. H. H. Norris. lst Friday after 
N. Y. meeting. 
lowa State College. Apr. 15, '03 | F. A. Fish. Adolph Shane. lst Wednesday. 
Lehigh University. Oct. 15, '02 | Wm. S. Franklin. William Esty. 3d Thursday. 
Purdue University. .Jan. 26, '03 | C. P. Matthews. J. W. Esterline. Every Tuesday. 
Syracuse University Feb. 24, '05 | W. P. Graham. W. P. Graham. is B 3d Thurs- 
Univ. of Wisconsin.Oct. 15, '02 | F. M. Conlee. J. W. Shuster. 4th Thursday. 
Univ. of Illinois. ...Nov. 25, '02 | Morgan Brooks. M. K. Akers. 
Worcester Polytechnic Institute, 
Mar. 25, '04 | A. P. Chapman. A. T. Childs 
STUDENT MEETINGS. i 
Armour Institute. ..Feb 26, '04 | C. E. Freeman C. E. Freeman 3d Monday 
Ohio State Univ....Dec 20, '02 | H.C. Bartholomew |Р. E. Beutler Every, Tuesday 
evening 
Penn. State College.Dec 20, '02 | C. L. Christman H. L. Frederick Every Wednesday 
Univ. of Arkansas.. Mar 25, '04 | W. N. Gladson L. S. Olney lst & За Tuesdays 
Univ. of Colorado..Dec 16, '04: A. J. Forbess 
Univ. of Michigan... Mar 25, '04 | Kenneth Barry Benj. F. Bailey i e 3d Wednes- 
Univ. of Missouri...Jan 10, '03| Н. B. Shaw H. D. Carpenter. lst and 3d Fridays 
Washington Univ...Feb 26, '04 | А. S. Langsdorf W. E. Bryan. 1st Wednesday 
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Work for Members. 


OO much credit cannot be given to 
those members who at a consider- 
able sacrifice of time, and frequently of 
money, have loyally and cheerfully 
served onthe Board of Directors or vari- 
ous committees. No doubt there are 
hundreds of others who would readily 
undertake such work if they were 
called upon, and who are so situated 
that thev could give it proper atten- 
tion. The Committee on Increase of 
Membership has invited the present 
members generally to cooperate with it 
in bringing to the attention of non- 
members the desirability of joining the 
Institute. It is gratifying to know that 
the feeling exists that the standard of 
membership should be rigorously main- 
tained. There is, however, occasional 
misconception concerning the constitu- 
tional requirements for admission to 
the grade of Associate. The reading of 
the constitution is as follows: 
“ An Associate shall be a person who 
is interested in, or connected with the 
study or application of electricity.” In 
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practice, however, it will. readily be 
seen that an applicant while cliypibie 
professionallv, may not be a desirable 
acquisition as ап individual. in 
suggesting a candidate therefore, it 
should be remembered that his refer- 


ences will be asked this question: 
'" Are vou of the opinion that his repu- 
tation is such that if elected. he will 
prove a creditable Associate of the 


Institute?” 
If there is anything objectionable on 
his past history, it may be brought to 


light by the publication of his name in 


the PROCEEDINGS, twenty days or more 
pror to his election as stipulated in 
the By-laws. As any objection filed 
with the Secretary leads to delay for 
the purpose of further investigation, 
members should exercise proper cau- 
tion in recommending candidates whose 
previous career is not reasonably well- 
known to them. In spite of every pre- 
caution mistakes may be made, but 
experience has shown that the accession 


of new members is very thoroughly 


safeguarded. i 
There are however thousands of elec- 
trical engineers, who may readily meet 
all requirements, and there should be 
little difħculty in the selection of non- 
members who will be likely to appre- 
ciate the value of Institute membership. 


—— — 0 


Standardization Rules. 
RECE NT inquiries indicate that some 

uncertainty exists regarding the 
reports of the Standardization Com- 
mittee. It has always been the under- 
standing that these rules after final 
adoption would require frequent re- 
vision. The necessity of such rules 
was clearly manifested in a topical 
discussion at New York and Chicago 
Jan. 26, 1898. The report of the orig- 
inal committee was discussed at the 
Omaha convention in 1898, and the 
final draft was issued after approval, 
June 26, 1899. The very general accept- 
ance of the rules by various engineers, 
universities and manufacturers was ex- 
ceedingly satisfactory, and it is doubt- 
ful whether any specific act of the In- 
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stitute has met with such universal 
commendation. The committee has 
been continued from year to year, with 
comparatively few changes in its per- 
sonnel, and its members have patiently 
devoted much time to the considera- 
tion of the various amendments made 
necessary by progress in the art. The 
second revision was finally approved at 
the Great Barrington convention in 
1902. The rules of that date are still 
in force. The committee undertook the 
latest revision, with a view to present- 
ing its report at the Milwaukee conven- 
tion in June, 1906, and the fact that 
the tentative rules were printed for 
convenience in discussion seems to have 
created the impression that this was 
an authoritative publication, which is 
far from being the case. At the meet- 
ing of the committee, Nov. 23, 1906, 
the rules were so perfected that they 


are now practically ready for criticism | 


by members who are interested in the 
subject, and advance copies for this 
purpose will be mailed upon applica- 
tion to the Secretary. It is assumed 
that a person asking for a copy wil! 
understand that it is not yet ready for 
general publication. 


Branch Papers. 

T is the earnest desire of the com- 
mittees and of the officers of the In- 
stitute to encourage in every legitimate 
way the careful presentation of engi- 
necring topics by the younger members 
of the Institute. We will not always 
have with us the Thomsons, Steinmctzs 
and Scotts, to mention по others, 
who have done so much to give the 
Institute its standing and reputation; 
nor is it fair to expect the same dis- 
tinguished (but exceedingly busy) Mem- 
bers to give so much of their highly 
specialized training and intelligence 
and very valuable time to the younger 
members without reward. Obviously 
their places must eventually be taken 
by those who are now doing the bulk 
of the engineering work; that 15 the 
younger members, who owe this duty 
to the Institute, to their profession 
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and to themselves. It is only by prac- 
tice that accurate and facile expression 
and orderly presentation can be attained. 

Nor need the younger members 
fear that there will be nothing left to 
present. More than forty vears ago an 
aged examiner in the United States 
Patent Office informed a practitioner 
that he was going to resign, because 
there was no hope of the permanence 
of the Patent Office; everything that 
could be done, had been done, and th: re 
would be within a very short time an 
end of invention. 

The classic papers already printed 
in the TRANSACTIONS are but the pre- 
liminary work of the profession, and 
there will always be plentv to sav 
while fertile young minds are being 
trained in its practice. 

The limitation upon the publication 
of discussions is necessary, on account of 
the number of Branches and the fre- 
quently colloquial character of discus- 
sions, Every paper, to a certain extent. 
gives rise to the same opinions amongst 
engineers; and it is only when some new 
view iS presented that everything is 
gained by printing Branch discussions. 

The provision of a * strainer " in 
the form of a sub-committee in each 
Branch to suggest the publication of 
meritorious papers which have been 
read, would prevent swamping the 
editorial staff, and some plan of this 
kind may eventually be adopted. 


HE startling information was tele- 
graphed from London, Nov. 17,that 
the correspondent of a newspaper had 
discovered that the telephone enables 
the deaf to hear, and believes that there 
is an opportunity for an inventive 
genius to profit by this suggestion and 
incidentally amass a fortune. This pe- 
culiarit vof the telephone has been known 
ever since the instrument was intro- 
duced, and the field has by no means 
been neglected by the many inventors 
who are continually striving to improve 
upon the original. The opportunity 
for amassing a fortune will no doubt 
appear in due time. 
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Engineering Education 
and Engineering Ethics.* 


BY CHARLES DAY. 


I judge that the men gathered here 
this evening are interested in engineer- 
ing education and ethics principally in 
so far as they bear directly upon their 
daily work and after a few preliminary 

emarks I will confine myself to this 
practical view of the matter. 

Mr. Fred Taylor in his revolutionary 
paper upon shop management gives 
the following qualities as necessary in 
the well-rounded man: brains, educa- 
tion, technical knowledge, tact, energy, 
grit, honesty, common sense, and good 
health. It should be the purpose of 
education to develop these qualities in 
a way that will prove most helpful to 
the community and, at the same time, 
to discourage tendencies that are op- 
posed to this end. Certain of these 
qualities, the principal of whichis tech- 
nical knowledge, can be imparted to the 
student with comparative ease. On 
the other hand, little mention is usually 
made in the class room of other matters 
which the engineer finds, play such an 
important part in his ultimate success. 
The reason for this is that a ground 
work in the technical problems is of 
first moment, and cannot be properly 
covered in less time than is now pro- 
vided in our engineering schools, and 
also that such qualities as common 
sense, tact, and integrity cannot be 
successfully imparted by the methods 
followed when teaching mathematics 
or alternating currents. The student 
has, of course, been told repeatedly the 
fundamental requirements for success; 
authors dealing with education and 
ethics have defined for us time and 
again codes of ethics; and vet we are 
informed by prominent employers that 
the graduate from the technical school 
requires one to two years practical 
work before he can be relied upon. The 
criticism is not that his experience is 
inadequate, for this is expected, but 


* Presented before the Philadelphia Branch of 
the American [nstisute of Electrical Engineers, 
December 10, 1906, in the new Engineering 
Building of the University of Pennsylvania. 
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that his mental attitude is wrong. So 
it would seem that he is lacking in a 
certain fundamental insight required 
of the successful engineer. I believe 
this condition can be improved through 
repeatedly bringing to the attention of 
the student the real motives governing 
our actions. We all agree without argu- 
ment as to the technical and ethical 
standards that should govern our work; 
yet, upon analysis, we find our actions 
not governed, except in small measure, 
by their consistent application. The 
problem must therefore be considered 
as one of much greater breadth than 
the mere statement of a proper working 
code, if we hope to effect any real bene- 
fit to ourselves individuallv and our 
profession. 

The advantages offered to the com- 
munity by engineers are evidenced 
only through their accomplishment, 
which in turn is but the summation of 
innumerable decisions concerning all the 
factors involved. We are therefore vi- 
tally interested in the causes that 
prompt these separate opinions or de- 
cisions, for upon them hinges the worth 
of our work. The most hasty analvsis 
must convince us that our actions are 
guided bv two factors, namely, intellect 
and feeling, or, if vou wish, logic and 
inclination. It is through our unwilling- 
ness fully to recognize the human ele- 
ment that we are led to believe that con- 
ditions can be so readily corrected in 
this or that field of endeavor. Herbert 
Spencer tells us, however, that but three 
tenths of the average man's actions are 
prompted by intellect or logic, and the 
remaining seven tenths are dominated 
by his feelings. In other words, we be- 
lieve what we want to believe. Here, 
then, is the initial point to keep ever 
in mind. We do business with average 
men. We must gain their approval to 
accomplish results. But this requires, 
in addition to technical training which 
is the engineer's intellectual resource, 
an understanding of the more important 
part played by the inclinations and 
wishes of all concerned. It does not 
surprise those in charge of our technical 
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schools to find that thev who graduated 
the highest in technical matters. may 
not be, in fact usually are not, the most 
successful all-round business men. It 
is а question, however, whether sufh- 
cient. importance is attached to the 
need of hammering home, during the 
time the student is acquiring his ground- 
work in engineering, a realization as to 
just how great an extent his work is 
affected by purely technical knowledge. 
This can in large measure be accom- 
phshed by throwing the students in 
contact with instructors who are еѕ- 
sentially business men and whose class- 
room stories unconsciously spring from 
the relation of the topic in question to 
working conditions, whether dealing 
with alternating currents or business 
methods. That it is difficult to secure 
such men is freely granted, and it is a 
matter of great pride to me as a Penn- 
sylvania graduate to know that we have 
the influence of such a man dominating 
this splendid engineering school. 

Before devoting a few moments to 
matters bearing more directly upon the 
practice of engineering, I wish to repeat 
a classification of engineers based upon 
their earning capacity, as it. bears out 
forcibly the important part played in 
their advancement bv matters not usu- 
ally associated directly with engineer- 
ing. These divisions are as follows: 
the mathematical engineer, the contem- 
plative engineer, the rational enyineer, 
- the executive engineer, and the business 
man. The work of the mathematician 
is almost wholly logical and deals more 
exclusively with the matters taught in 
the technical school than does the other 
classes. As we pass down the list, engi- 
neering becomes less and less the dom- 
inating quality. As the engineer passes 
through these divisions, he uncon- 
sciously learns that accomplishment on 
his part is largely dependent upon his 
ability to direct. the inclinations of 
others, and as this faculty becomes more 
highly developed it requires the highest 
integrity in order to conform with the 
broad code of ethics for which our 
profession must stand. 
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The phenomenal development which 
the industries of this country have 
undergone within the past decade has 
brought into existence, a number of 
concerns who are practising engineering 
along the most comprehensive lines. I 
propose to refer brietly to this particular 
field of work. We will assume that such 
concerns desire to handle from start to 
finish complete operations including :n- 
dustrial plants, street railways, power 
plants, etc. In order to serve their 
clients properly, their work should con- 
form to three fundamental require- 
ments, which tend to establish. condi- 
tions favorable to our ethical standard. 
First, work should not be undertaken 
unless it is of understood utility. Sec- 
ondly, the organization 
must possess reasonable competency for 
its complete accomplishment. Thirdly, 
they must be adequately апа surely 
compensated for services rendered. 

The essence of service rendered bv 
such an organization arises from the 
acceptance of the entire obligation in- 
cident to the operation, and will not 
permit a partial answer to any ques- 
tion. The motive from beginning to 
end must be the most cthicient accom- 
plishment of the client's needs. Everv- 
thing must be taken into account. 
Service of this kind cannot possibly be 
rendered by an individual, nor can we 
ever hope to provide within a single 
organization men of the attainments 
required to reach the best possible result 
from the standpoint of all existing 
knowledge. | In the main essentials, 
however, essentials which in the past 
have too frequently been given no 
consideration by the engineer, the cli- 
ent's interest can be properly guarded 
and the operation, considered as a 
whole, can be well handled. 

Consequently, before undertaking the 
engineering details of a new commission, 
the reasons calling for the work in ques- 
tion should be carefullv analyzed and 
discussed with the client, and it isin 
this regard that the engineer can fre- 
quently accomplish the greatest good. 
Such a course frequently requires the 


engineering 
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complete abandonment of plans which 
would otherwise have involved the ex- 
penditure of many thousands of dollars, 
and in certain instances the new pro- 
gram will not require the services of the 
engineering firm. So here we find op- 
portunity for adherence to the highest 
ethical standard. "The engineering or- 
ganization must not be satisfied to 
simply know how to solve engineering 
problems but must insist upon knowing 
whv each move is made. Here again we 
find the logical part of the work sub- 
servient to the manv matters requiring 
the consideration of men whose facul- 
ties have been HEN к along the 
yes referred to. - : 

The matter of. m „дий 
if possible, be finally adjusted before 
undertaking any work, and I think that 
the matter of ethics can be more surely 
benefited through attention {о this 
than in any other way. We cannot deny 
the general conclusion that the mental 
attitud, of our engineers depends largely 
upon the conditions under which they 
work. The rate of compensation for 
engineers who work upon a percentage 
basis has been established by those who 
have gained high proficiency in their 
line, whose volume of work and per- 
fection of svstem secure a minimum of 
cost, so a fee that may assure a reason- 
able return to them, proves quite in- 
adequate for the majoritv of those 
practising in parallel lines. 
very little consistency in the usual 
basis of compensating: engineers and 
architects, and many of the evils con- 
nected with these professions arise di- 
rectly from this cause. Such an engi- 
neering concern as we аге discussing 
however, must not make this mistake, 
but must insist upon a fixed sum as 
profit, the amount of which should be 
known to the client before undertaking 
the work. Those who have once estab- 
lished a method of charge based upon 
actual cost of the work plus an agreed 
profit. find that they can secure the 
usual engineering commissions upon an 
equallv favorable basis, and it would be 
well for the consulting engineers the 
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country over to appreciate this. fact. 
Concerning the competency of the en- 
gineering organization that we are con- 
sidering, much could be said. Having 
become assured that a given operation 
is of direct utility and having arranged 
a contract for handling the work that 
provides adequate compensation for 
services rendered, there should be little 
or no incentive to depart from the 
proper ethical course provided the neces- 
sarv competency for the fulfilment of 
the contract exists. The moment this 
is not the case, however, the client's 
interests are being. but imperfeetly 


served, but here we encounter а nicety 


of judgment requiring a master hand, 


as the question of competency is en- 


tirely relative. This fact must, however, 
be ever kept in mind by the engineering 
firm, and they should stand ready at 
any moment to admit the need of call- 
ing upon the outside for further en- 
hghtenment. 

In fact, to render the complete ser- 
vice I have referred to requires that the 
organization in question not only com- 
prise all the men required to handle 
the innumerable features incident to 
investigation, engineering and construc- 
tion, but that they be in touch with 
many other sources of information which 
thev mav not be permitted fully to con- 
trol. 

When acting as an agent, the indi- 
viduals of such an organization must 
not onlv be men of high integrity, but 
thev must possess the power to analvze 
their own motives with a view to mak- 
ing them ever subservient to the needs 
of the client. Men possessing such abil- 
itv can use it to the great advantage of 
those for whom they act, but the same 
ability applied for ones own interests 
(in the capacity of salesmen, for ex- 
ample) would probably bring results 
not compatible with the high ethical 
engineering standard we desire. Stated 
in other terms, the man most compe- 
tent as purchaser through his ability to 
base decision on the essential facts, 
would be the first to appreciate the 
possibilities of securing approval through 


, 
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the feelings, and would likely take ad- 
vantage of this insight. 

The services rendered bv such an en- 
gineering organization, cover all con- 
struction as well as the engineering fea- 
tures, and in fact, this policy upon the 
part of the pioneers in this field is tend- 
ing to rapidly elevate the standing of 
contracting work. Many of the ablest 
contracting firms now engage thorough- 
ly competent engineers and the old 
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field of work so that it is but natural 
that such experts should be brought 
together under a single administrative 
head. This condition is also being 
greatly accelerated through the change 
in mental attitude of those among whom 
we look for our clients, it being now 
recognized by them that continued 
success requires that they take advan- 
tage of every possible means that will 
point toward more favorable operating 


Auditorium, New York Edison Company, 4t West Twentv-seventh Street, New 
York, where the Institute Meetings have been held since September 22, 1905. 


policy of treating the contractor with 
suspicion is rapidly giving way to the 
necessary spirit of coóperation. 

Some vears ago an engineer prac- 
tising in a consulting capacity could 
cover with a fair degree of thorough- 
ness the varied propositions brought 
into his office, but this is no longer pos- 
sible. It is acknowledged by all, that 
we cannot hope to attain competency 
in more than a comparatively narrow 


conditions, and that but a small part 
of such assistance can be had within 
their own ranks. 

Here then is a ficld of engineering 
that I feel sure is going to assume much 
greater importance as time gots on. 
and I further believe that a high stand- 
ard of ethics will accompany its growth. 
as it is founded upon substantial prin- 
ciples requiring no concealment or sub- 
terfuge on the part of any one involved. 
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In conclusion I think I cannot do better 
than to quote from the recent presiden- 
tial address before the American Societ v 
of Mechanical Engineers. According to 
Mr. Taylor, “ We are now but on the 
threshold of the coming era of true co- 
operation. The time is fast going by 
for great personal or individual achieve- 
ment of any one man studying alone 
and without the help of those around 
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Institute Meeting Halls 

The trustees of the United Engineer- 
ing Society have decided that the as- 
sembly halls of the new Engineers’ 
Building will be available for use in 
January. It appears probable therefore 
that the New York meeting announced 
for Dec. 28, 1906, will be the last held 
in the auditorium of the New York 
Edison Company at 44 West Twenty- 


Library and Reading Room, New York Edison Company, 44 West Twenty- 
seventh Stree., New York, where committee meetings have been occasionally held 


since September 22, 1905. 


him, and the time is. взш; when-alt-- 
great things will be done by the co- 
operation of many men in which each 
performs that function, for which he is 
best suited. Each man preserves his 
own individuality and is supreme in 
his particular function and each man 
at the same time loses none of his orig- 
inality and proper personal initiative 
and yet is controlled by, and must work 
harmoniously with manv other men." 


seventh street. Early in 1905 the use 
of this hall was offered to the Institute 
pending the completion of the new 
building, and it has proved entirely 
satisfactory. While it has been well 
filed on many occasions it has never 
been uncomfortably crowded. Every 
possible convenience necessary for the 
proper conduct of meetings has been 
provided, and the attendants have been 
willing and courteous. The Law Com- 
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mittee has also held many meetings in 
the auditorium, and when meetings of 
other societies have conflicted, the read- 
ing тост and library on the floor below 
available. These. courtesies 
have been heartily appreciated, as the 
lack of suitable meeting places in New 
York is one of the difficulties encoun- 
tered by many organizations. The illus- 
trations will give to those wko have 
had no opportunity to attend the mect- 
ings, à very good idea of the liberal 
provision made bv the New York 
Edison Company for the benefit of its 
emplovees, as the two,floors are espe- 
cially devoted to welfare work. 


has been 
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Conference on Electrical 


. Units and Standards. 


BY HENRY S. CARH ART, LL.D. 


It is now generally known that the 
International Conference on Electrical 
Units and Standards called by the Brit- 
ish government to meet last month in 
London, was postponed till 1907 at the 
request of the French government. 
This conference is the outcome of the 
action taken by the Chamber of Dele- 
gates at the St. Louis International 
Electrical Congress in 1904. 

Comments on the objects of the con- 
ference and its postponement and a let- 
ter relating thereto from Prof. Silvanus 
P. Thompson have recently appeared in 
the 7Zimes Engineering Supplement in 
London. The James article gives an 
abstract of the conclusions of the pre- 
liminary conference held in Charlotten- 
burg a усаг ago. A single statement 
needs slight correction. It is this: 
“At the conclusion of the preliminary 
conference it had been resolved that 
the experts of the various countries 
should come to an agreement in writing 
on these points before a final conference 
was called. " To this point the follow- 
ing resolutions, taken verbatim from 
the othcial proceedings of the prelim- 
inary conference in Charlottenburg, re- 
late: 

“ The conference expresses the wish 
that an international convention should 
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be summoned in order to arrive at agree- 
ment in the electric standards which 
are іп use in the different countries. 

“The following resolution was further 
adopted: 


“In view of the fact that the laws ot 


the different countries in relation to elec- 
trical units are not in complete agree- 
ment, the conference holds it, desirable 
that official conference should be 
summoned in the course of the vear with 
the object of bringing about this agrec- 
ment. 


an 


& o» Ы 


F. 
“The conference further. expresses 


^ 


the‘opinjon: x 
"jJ. That the ` information before 
it is not sufficient to enable it to propose 


any alteration in the formerly accepted 


value of the ampere. 
" 2. That the 


information before it: 


is not sufficient to enable it to lay down. 


exact directions in respect to the silver 
voltameter and the standard cell. 


"3. That if à proposal for a change. 
in the accepted value of the ampere is to- 
be brought from апу source before a. 
formal congress to be held later, an agree- . 
ment in writing on the point should bec | 


come to previously between the partas 
interested. If differences.of opinion in 


* 


the matter cannot be removed, а new - 
preliminary conference should. be held. ` 
“ The same procedure should be ob- 


served in regard tothe silver voltameter ` 
and the standard cell, in the event of 


such specifications being submitted to 
a formal conference from any quarter.” 

It appears, therefore, that an agree- 
ment in writing was regarded as es- 
sential only in case a prope sal should be 
brought from апу quarter for a change 
in the accepted value of the ampere; and 
the same procedure was to be observed 
in case anv proposal should. come to 
change the present specifications for 
the silver voltameter and the standard 
cell. 

Iam not aware that any such pro- 
posals had actually been made. The 
conference was deferred because it is in- 
evitable that new specifications for the 
silver coulometer and the standard cell 
must be adopted, and no one is yet 
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quite ready with these specifications; 
much less has agreement been reached 
by the experts engaged on researches 
relating to both standards. If the pre- 
liminary conference had chosen the ohm 
and the volt as the two fundamental 
units, it would not have been necessary 
to revise the electrochemical equivalent 
of silver and the specifications covering 
the silver coulometer. The interna- 
tional ohm having already been every- 
where accepted, it would only have been 
necessary to perfect the specifications 
relating to the Weston normal cell, 
which the conference agreed to adopt. 

As it is, a heavy burden is laid on 
physical research of the most exacting 
kind in order to correct if necessary, the 
accepted value of the electrochemi- 
cal equivalent of silver; to revise the 
specifications in accordance with which 
the silver must be deposited, washed 
and weighed. In addition, specifica- 
tions must be decided upon for pre- 
paring the materials for standard cells 
and for setting them up; and their elec- 
tromotive force must be determined in 
absolute measure, because admittedly 
the standard cell is the practical stand- 
ard for electromotive force; and the only 
practical method of measuring currents 
and calibrating ammeters is to measure 


the fall of potential over a standard re-. 


sistance by means of a standard cell. 
Researches on all these points are in 
progress in Germany, France, England 
and the United States. The work is by 
no means completed, and the decision 
to postpone the official conference for 
a year was undoubtedly a wise one. It 
is hoped that the necessary agreement 
may be reached before the conference 
assembles in London next autumn. 
Professor Thompson's letter relates 
chiefly to the international ohm as de- 
fined by the resistance of a column of 
mercury. Singularly enough, he inter- 
prets the statement relating to this ac- 
cepted international unit as '' a proposal 
to change the present legal ohm stand- 
ard, which is a standard made of wire 
of platinum alloy deposited at the Board 
of Trade and marked 'Board of Trade 
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Ohm Standard, verified 1894. This is 
the standard verified as in accord with 
the international ohm agreed upon at 
the Chicago Congress of 1893." 
Professor Thompson's apprehension 
about the platinum-alloy ohm of the 
Board of Trade is entirely groundless. 
The Electrical Standards Conimittee of 
the Board of Trade in its final report in 
1894 defined the ohm in the language of 
the Chicago Congress; and the proposals 
relating to the international ohm at the 
Charlottenburg Conference were de- 
signed to reathrm the agreement of the 
Chicago Congress. The mercury ohm is 
the primary international standard; 
Wire copies serve as secondary practical 
standards for commercial cahbrations. 
Processor Thompson savs of the 
" Board of Trade Ohm Standard: " 
‘The proposal to abandon this legal 
and international standard for a new 
one made of mercury in a glass tube 
Ж Ж Ж isa very serious опе.” Really this 
is a most astonishing statement. It is 
pertinent to inquire when the wire 
platinum-alloy standard of the Board 
of Trade became an international stan- 
dard. Professor Thompson ought to be 
aware that the international standard of 
resistance since 1894 has been the mer- 
сигу ohm. No proposal from any source 
has been made to change this. The pre- 
cautions adopted at Charlottenburg 
were designed as a safeguard of this inter- 
national standard of  reference—the | 
reproducible ohm. Professor Thomp- 
son need have no fear that the Board ot 
Trade ohm will be deposed by the Inter- 
national Conference. That stand- 
ard is a domestic one, with which the 
conference will have nothing to do. It 
тау not turn out to be as unalterable as 
Professor Thompson fancies. In any. 
event itsintegrity will have to be checked 
from time to time by direct or indi- 
rect comparison with the international 
standard ina glass tube.—W'esterit 
Electrician. Im 
[The International Conference on 
Electrical Units and Standards should 
not be confounded with the Interna- 
tional Electrotechnical Commission.-E n.] 
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Local Organizations. 
UNIVERSITY OF ARKANSAS. 


A meeting of this student Branch was 
held in the Engineering Hall of the 
University of Arkansas, on November 
6; six members and fourteen visitors 
attending. The following papers were 
read and discussed : 

1. "The Audien,” by Lee de Forest. 

2. “Му Summer Experience with the 
Fayetteville Electric Power Company” 
(original) by M. F. Thompson. 

Another meeting of this Branch was 
held November 20, four members and 
eleven visitors attending. At this meet- 
ing the following papers were presented : 

1. "The Current Transformer.” 

2. "The Electrical Develo; ment of 
Water Power," (original )by Professor 
W. N. Gladson. 


ARMOUR INSTITUTE. 

Ata meeting of this Branch hel] Nov- 
ember Ө, an original paper entitled 
“ Parallel Operation of Direct-Current 
Machines," was presented by Mr. J. С. 
Hail. The subject of railway practice 
was discussed by Mr. F. T. Banning. 
Mr. F. M. Sturgess commented at length 
on the methods of reversing residual 
magnetism and of connecting switch- 
board instruments. 

Another meeting of this Branch was 
held on December 7. 

The subject of procuring suitable 
rooms in which to hold the mectinys of 
the Branch was brought upand it was 
decided 1n connection with the mechani- 
cal and civil societies of the Institute 
to rent rooms at 3320 Armour Ave. In 
their new quarters the Branch will have 
five committee rooms, and two large 
rooms which can be thrown into one for 
an assembly hall. 

Mr. Gilmore presented an original 
paper on "Train-Lighting Systems.” 


BALTIMORE. 


Twenty-four members and thirteen 
visitors attended the meeting of this 
Branch held November 9. Mr. J. C. 
Woodwell, inspector of the electric hght 
plant of the Treasury Department, 
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Washington, D. C.; read a paper on 
indoor illumination, recently presented 
before the Society of Illuminating Engi- 
neers, at New York. The paper was 
illustrated with lantern slides. The 
following men then took part in the 
discussion: Messrs. Dohertv, Whitehead, 
Burnett, Woodwell, Ellard, Davis, 
Thomas, and Phelps. 


Boston. 


A meeting of the Boston Branch of 
the American Institute of Electrical 
Engineers was held on Wednesday, 
November 21, with an attendance of 
nearly two hundred. 

Mr. Everett W. Burdett gave a paper 
on * Public or Private Ownership and 
Operation of Public Utility Enterprises 
— Which is Preferable?” Mr. Burdett 
discussed the operation of public owner- 
ship in Great Britian as compared with 
private ownership in this country, and 
showed conclusively the superiority of 
private ownership both from the stand- 
point of financial return and engineering 
development. After a discussion of 
certain phases of municipal ownership 
in this country, brought out by various 
questions, the mecting adjourned. 


COLUMBUS. 

Messrs. W. Flovd, J. C. McMasters, 
and M. A. Pixley, were appointed as a 
committee on program at the meeting of 
this Branch held November 12. After 
the appointment of this committee there 
was a general discussion on Local Or- 
ganizations. Following the discussion, 
Mr. R. J. Feather read the Institute 
paper entitled '' Some Fundamental 
Characteristics of Mercury Vapor Ap- 
paratus.” 


CORNELL UNIVERSITY. 


At a meeting of this Branch held in 
Barnes Hall, December 7, Mr. G. A. 
Wardlaw of New York read an original 
paper entitled "Literary Engineering.” 
The meeting was attended by the mem- 
bers of the Cornell branch, and by several 
of the professors of the English depart- 
ment of the University. 
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UNIVERSITY OF I[LLINOIS. 


Twenty-six Institute members and 
twenty-nine visitors attended the meet- 
ing of this Branch on November 7. 
Professor Morgan Brooks presided and 
called the meeting to order at 7:30 p. 1n. 
After a general discussion of Branch 
membership, Branch dues, and future 
plans, the following Institute papers 
were presented and discussed: 


1. "The Effect of Iron in Distorting 
Alternating-Current Wave-Form.'' 

2. “Тһе Current Transformer.” 

3 '"The Audion. A New Receiver for 
Wireless Telegraphy."' 

The meeting adjourned at 10 p. m. 
Secretary Akers reports a live interest 
in Branch matters at the University of 
Illinois, and the outlook for the future 
as most promising. 

Another meeting of this Branch was 
held December 5; twenty-two members 
and thirty-four visitors attending. The 
following program was presented: 

1. "Transformation of Electrical 
Power into Light." read and discussed 


by Professor A. P. Carmen of the 
Physics Department. 
2. "New Types of Incandescent 


Lamps;"’ paper read and discussion led 
by Professor H. B. Wood of the Elec- 
trical Engineering Department. The 
two papers were then discussed together 
by Professors Brooks and Breckenridge, 
Dean White of the Engineering College 
and Messrs. Junkersfeld and Bryant. 
The Institute Convention paper еп- 
titled '' Self Synchronizing Alternators,” 
by Morgan. Brooks and M. K. Akers, 
was read and demonstrated by Mr 
Akers. The paper was then discussed 
by Professor Brooks, and Messrs Smith 
and Junkersfeld of the Chicago Edison 
Company. The meeting was ех- 
ceedingly well attended, considering 
the very bad weather. The presence of 
Messrs. Smith and Junkersfeld of the 
Chicago Edison Company served to 
stimulate interest. Mr. Junkersfeld ex- 
hibited some of the new makes of 
electric lamps, including the tungsten 
lamp. 
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Towa State COLLEGE. 

Two meetings were held by this Branch 
during the month of November, on 
November 7 and 21, respectively. 
At the first meeting the recent circular 
letter of the chairman of the Local Cre 
ganization Committee was read and 
discussed. The following papers were 
then presented: 

1. "Transformer Tests" (original) by 
Adolph Shane. 

2. "Influence of Load-Factor and 
Prime Mover Characteristics on Power 
Station Economy," by W. H. Meeker. 
(This paper is based on an article of the 
same title in the October number of 
The Electrical Journal.) 

At the meeting held November 21 
the following subjects were considered 
at length. 

1. Description of the Electric Equip- 
ment of the West Jersey and Seashore 
Branch of the Pennsylvania Railroad. 

2. Review of the Principal Types of 
Induction Motors. 

3. A Brief Outline of the Principal 
Svstems of Electric Railways. 


MINNESOTA. 

Edward P. Burch presided at a mect- 
ing of this Branch on November 17. The 
program committee reported that it had 
arranged for a meeting to be held De- 
cember 15, at the power station of the 
Twin City Rapid Transit Railway Com- 
pany of Minneapolis. The followin: 
Institute papers were then presented 
and discussed : 

1. "The Current Transformer,” 
stracted by Professor Geo. D. Shepard- 
son. 

2. “The Audion,’ 
W. б. Middleton. 


UNIVERSITY OF MISSOURI. 

At a meeting of this branch held No- 
vember 20, twenty-two members and 
visitors wereinattendance. Dr. Stewart 
of the Physics Department led the dis- 
cussion on the physical theory involved 
in the conception and construction of 
the Audion, a paper on which was re- 
cently read at New York. The Audion 
was then considered in detail, in the 


ab- 


abstracted by 
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particular form described in the paper, 
andincomparison with other types of 
receivers used in wireless telegraphy. 
Another meeting of this branch was 
held December 7, to read and discuss 
the Institute paper entitled * Transfor- 
mation of Electric Power into Light." 


PHILADELPHIA. 


Seventy-four members and visitors 
attended the meeting of this Branch 
held at the Engineers’ Club on Novem- 
ber 12. The committee on papers re- 
ported the following tentative program 
for the ensuing season. 

1. Engineering Education апа En- 
gineering Ethics in conjunction witha 
visit to the new Engineering Building 
of the University of Pennsylvania. 

2. Commercial  Alternating-Current 
Measurements. 

3. Control of — Alternating-Current 
Generators with a Description of a New 
Instrument for this purpose. 

4. Electrical Appliances in Naval and 
Marine Service. 

5. A New Method of Train Lighting 
by Electricity. 

Dr. Lee de Forest presented his paper 
on “The Audion.” The paper was then 
discussed by Messrs. Ehret, Temple, 
Вгееа, Snook, Eglin, Northrup, and 
Hayward. 

Conforming with the program adopted 
at the last meeting, this branch held a 
meeting on December 10, in the new 
Engineering Building of the University 
of Pennsylvania, to consider the subject 
of Engineering Education and Engineer- 
ing Ethics. Eighty-two members and 
visitors were in attendance, including 
President Sheldon and Secretary Pope 
of the Institute. Papers on this subject 
were then presented, by Dr. Н. W. 
Spangler of the University of Pennsvl- 
vania, Professor G. A. Hoadley of the 
Swarthmore College, and Charles Day, 
electrical engineer, of Philadelphia. Ex- 
president Carl Hering, and President 
Sheldon took an active part in the dis- 
cussion. After the discussion, Dr. 
Spangler, and Mr. E. S. Temple ex- 
tended the courtesies of the new Engi- 


to attend to the details. 
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neering Building to the Branch and its 
guests. 
PITTSBURG. 

seventy-six members and visitors 
attended a meeting of this Branch held 
in the Carnegie Technical Schools on 
November 20. In executive session 
it was decided to hold an Institute din- 
ner in Pittsburg on December 15.. The 
necessary committees were appointed 
Under the 
general subject of Wireless Telegraphy 
the Institute paper '' The Audion " was 
abstracted by Mr. R. A. L. Snyder. Mr. 
5. M. Kintner then presented anoriginal 
paper entitled * Notes on Wireless Tele- 
graphy.” This paper will probably 
appear in the January issue of the Pro- 
CEEDINGS. | 

The first annual dinner of the Pitts- 
bury Branch was held at the Hotel 
Schenley, Pittsburg, on Saturday even- 
ing, December 15, 1906. Two hundred 
and thirty one members and guests 
were present, including Dr. Samuel, 
Sheldon, President, and Charles Е. 
Scott, Past-President of the Institute. 
The after-dinner program was as fol- 
lows: 

Toast master, б. Р. Grace, past chair- 
man Pittsburg Branch. 

“ Our Institute," Dr. Samuel Sheldon, 
President American Institute of Elec-- 
trical Engineers. 

“Engineering in Pittsburg,” Julian 
Kennedy, President Engineers’ Societ y 
of Western Pennsylvania. 

“ The Engineer Abroad,” C. E. Skin- 
ner, Engineer Westinghouse Electric and 
Manufacturing Company. 

“ The Telephone Girl," M. C. Rorty, 
General Manager Central District and 
Printing Telegraph Company. 

'" Engineers and Business Men," В. S. 
Orr, General Manager, Allegheny County 
Light Company. 

'" Engineering Societies,” C. F. Scott, 
Past-President American Institute of 
Electrical Engineers. 

' Queer Things in Engineering" C. B. 
Humphrey, Sales Manager Westing- 
house Electric. and Manufacturing Com- 
pany. 
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“ А Cheerv Talk," John A. Brashear, 
Instrument Maker and Citizen. 


PITTSFIELD. 

At a meeting of this Branch held No- 
vember 22, at the Berkshire Auto Club, 
Mr. Henry L. Smith read an interesting 
original paper on “The Design and 
Operation of Oil-Break Switches.” 
The paper was illustrated with lantern 
slides. 

PURDUE UNIVERSITY. 

This Branch held a meeting in the 
Physics Building at Purdue on Novem- 
ber 6; One hundred апа ninety-six 
members and visitors attending. Fol- 
lowing the meeting of the Executive 
Committee, Mr. Ralph H. Rice, of the 
Arnold Company of Chicago, gave an 
address on the subject " What is an 


Engineer Constructor." The address 
was illustrated with lantern slides. 
enabling the speaker to show the 


organization and operation of a large 
engineering company. 
SCHENECTADY. 
The following meetings were held 
during November and December at 


the Schenectady High School. The 
average attendance was about five 
hundred at each meeting, апа the 


lectures were followed by interesting 
discussions from the local members. 

On November 2, Dr. S. A. Moss, of 
the General Electric Company’s Lynn 
works, gave an interesting address on 
* Gas Turbines.” Dr. Moss is in close 
touch with the recent developments in 
this important class of apparatus, and 
the talk, which illustrated by 
charts, was exceptionally valuable on 
account of the authoritative character 
of the information given. 

A topical discussion оп municipal 
ownership was held on the evening of 
November 9. Five minutes were al- 
lowed the participants of the debate, 
and a reward of a free trip to New York 
to attend the November meeting of the 
Institute was offered to those who 
showed the most conspicuous merit in 
arguing either side of the question. 


was 
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Mr. C. MeMillan for the affirmative, and 
Mr. С. Н. Hill for the negative. won 
the prizes, and both attended the New 
York meeting on November 23. Mr. 
C. Н. Schaeffer received honorable 
mention for the interesting paper which 
he read. 

Professor W. S. Franklin of Lehigh 
University read a paper on * The Second 
Law of Thermodynamics,” 
ing of November 16. 


on the even- 
The lecture was 


illustrated by charts, etc.. and the sub- 


ject treated in a novel and interesting 
manner. 

At the regular weekly meeting Friday 
evening, November 23, Mr. Е.О. Black- 
wel gave an interesting lecture, illus- 
trated by lantern slides. on recent 
hydro-electric developments. Mr. Black- 
well, now with the consulting engineer- 
ing firm of Viele, Cooper. and Black- 
well, New York, but formerly chief of 
the General Electric Company's power 
and mining engineering department was 
greeted bv the largest audience of the 
scason, the attendance being about six 
hundred. 

Mr. Blackwell chose as tvpical illus- 
trations of his subject the Necaxa plant 
of the Mexican Light and Power Com- 
pany, which supplies the City of Mexico, 
and the Niagara plant of the Electrical 
Development Company of Ontario. 
The marked differences in the hydrau- 
lic machinery and the sim larity in the 
electric generating, controlling, and 
transmission apparatus made the com- 
parison of these two examples of recent 
installations doubly interesting. The 
paper was followed by a discussion in 
which a number of the members took 
part, anda quantity of valuable informa- 
tion regarding details not mentioned in 
the formal address was brought out. 

On December 1, Mr. W. S. Andrews 
of the General Electric Company gave 
a valuable paper on “ Pioneer Work in 
Incandescent Lighting," in which he 
followed the early history of the dynamo 
and lamp, and described their develop- 
ment bv Edison. The lecture was pro- 
fuselv illustrated by historical lantern- 
slides. The discussion which followed 
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resolved itself chiefly into questions re- 
garding personal reminiscences of Ed- 
ison. 

The first two mectings in December 
were held on the eighth and fifteenth. 

At the first meeting Dr. Steinmetz 
re-read the paper on “ The Transfor- 
mation of Electric Power into Light,” 
presented at the November 23 meeting 
of the Institute in New York. 

The second meeting took the form of 
a topical discussion on the metric sys- 
tem. The question of the advisability 
of its general use, was introduced by 
Mr. E. B. Raymond of the Gencral 
Electric Company. The debate was 
continued by many of the younger 
members of the Branch, and Mr. Good - 
speed and Mr. Saunders, by vote of the 
judges, were awarded the next New 
York trip. Messrs. Yorkston and 
Hewitt received honorable mention. 

The debates on popular subjects are 
developing quite a number of speakers 
among the membership, and while in 
general, the attendance is not so large as 
when a popular speaker is to address 
the Branch, profitable and interesting 
evenings are alwavs assured. The svs- 
tem of awarding a free trip to New York 
to attend the regular monthly meetings 
of the Institute, gives a decided in- 
centive to the speakers, and repa vs 
them for their work in preparing their 
contributions. 

SEATTLE. 

At a meeting of this Branch held No- 
vember 13, a committee of three was 
appointed to consult with the members 
in Seattle in regard to revising the Con- 
stitution. This committee was in- 
Strueted to report at the next Branch 
meeting; the report will then be con- 
sidered and when in final form will be 
submitted tothe Committee on Law as 
requested by the chairman of the Com- 
mittee on Local Organizations. Mr. A. 
C. Babson then read an original paper 
entitled A. Review of Electric Railway 
Development, including the — latest 
developments in High-Voltage, Direct- 
Current Apparatus." — The paper was 
discussed by Messrs Miller, Magnusson, 
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Whipple, Hoskins, Judson, Ѕітүѕоп, 
and Harisberger. 


WASHINGTON University, ST. Lovis. 

Professor A. S. Langsdorf presided at 
a meeting of this Branch held November 
28. In accordance with a motion at 
the last meeting, Professor Langsdori 
announced that a program committee 
consisting of himself and Messrs Mezy- 
ler and Cave had been appointed. А 
trip to the Kinloch Telephone Com- 
pany's new plant was announced for the 
second Wednesday evening in Decem- 
ber. Professor Langsdorf then pre- 
sented an original paper entitled “ Mer- 
сагу Vapor Converters. 7 


UNIVERSITY OF WISCONSIN. 

On November 22 this Branch held a 
meeting in the Doherty Engineering 
Club rooms, and discussed the followiny 
papers: 

1. "The Audion.” 

2. "Commercial Wireless Telegraph 
Receivers” (original). 

3. “Electrical Testing at the Schenec- 
tady Works of the General Electric 
Company." (original). 


WORCESTER POLYTECHNIC INSTITUTE. 

At a meeting November 12, the fol- 
lowing men presented papers on the 
subject of summer experience: Р. С. 
Smith, B. Bosson, апа W. D. Sterns 
spoke of their work in the apprentice- 
ship course at East Pittsburg. J. T. 
Butterfield told of his experiences with 
the American Telephone and Telegraph 
Company. C. W. Stocks gave a short 
talk on some bond and feeder tests made 
on the Boston and Northern strect 
railway systems. 

Branch Reports. 

Local secretaries are invited to co- 
operate with the editorial staff, by 
preparing for publication in the Pro- 
CEEDINCS a suitable synopsis of each 
Branch meeting. This is not to super- 
sede the formal official report for which 
printed forms are furnished. and should 
reach the Secretary on or before the 
sixth day of the month following the 
meeting, 


1 906.] 


Minutes of Meeting of the 
Institute. 


Meeting of the American Institute 
of Electrical Engineers, held in the 
Assembly Room, New York Edison Com- 
pany, 44 West Twenty-seventh Street, 
New York, Friday, November 23, 1906. 
President Sheldon called the meeting 
10 order at 8:15 o'clock. 

The Secretary announced that at the 
meeting of the Board of Directors held 
during the afternoon there were fifty-four 
Associates elected as follows: 


ALDER, GEORGE WASHINGTON, Student, 
Polytechnic Institute of Brooklyn; 
res., 15 Somers St., Brooklyn, N. Y. 


BARNES, RALPH NELSON CARPENTER, 
Boston Manager, Crocker-Wheeler 
Co.; res., 16 Littell Road, Brookline, 
Mass. | 


Batt, WILLIAM Harper, JR., Labora- 
tory Assistant, Drexel Institute; res., 
1367 Narragansett Ave., German- 
town, Philadelphia, Pa. 


BEuLÉ, ABEL, Electrician, Jackson 
Electric Railway Light and Power 
Co.; res., 317 E. Capitol St., Jackson, 
Miss. 

BRALLEY, WALTER SUVIER, Assistant 
Engineer, General Electric Co., Schen- 
ectady, N. Y. 

BRisTOL, WILLIAM HENRY, Professor of 
Mathematics and Mechanics, Stevens 
Institute, Hoboken, N. J. 


CAMERON, GAYLOR MarcoLM, Drafts- 
man, Cleveland Electric Railway, 
9902 Lamont Ave., N. E., Cleveland, 
Ohio. 

CARMAN, WARREN RAYMOND, Superin- 
tendent, D. Н. Burnham & Co,, 13 
Astor Place, New York City. 


CHENEY, Epwanp J., Assistant Fore- 
man, Testing Department, General 
Electric Co., Schenectady, N. Y. 


CoLE, ARTHUR WILLIAMS, Instructor, 
Mechanical Engineering, Purdue Uni- 
versity; res., 523 Russell St., W. La- 
fayette, Ind. 


CONNELLY, WILLIAM FREDERICK, Sta- 
tion Operator, Telluride Power Co., 
Telluride, Colo. 


CUNNINGHAM, JAMES H., Instructor 
Electrical Engineering, Union College, 
res., 1101 State St., Schenectady, N.Y 


DEAN, JOHN SwirT, Engineer, Westing- 
house Electric and Mfg. Co.; res., 417 
Centre St., Wilkinsburg, Pa. 
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Dvorr. GrkoRokE Милев, Engineer, 
Westinghouse Electric and Mfy. Co.; 
res., 6837 Thomas St., E. E., Pitts- 
burg, Pa. 


Еррү, Lynne W., Student, University 
of Minnesota; res., 472 Laurel Ave., 
St. Paul, Minn. 


Erisman, Oscar, Engineer, General 
Electric Co.; res., 23 Glenwood Blvd., 
Schenectady, N. Y. 


Evans, WALTER HERBERT, Draftsman, 
Central California Traction Co.; res., 
435 East Park St., Stockton, Cal. 


EvELETH, CHARLES E., Assistant En- 
gineer, General Electric Co.; res., 111 
Parkwood Blvd., Schenectady, N. Y. 


FARRAR, EpwaRp Lesie, Sales Engi- 
neer, Stanley С. I. Electric Mfg. Co.; 
res., 109 Woodlawn Ave., Pittsfield, 
Mass. 


Frew, JOHN REMINGTON, Engineer, 
Construction Department, Fort Wayne 
Electric Works, Fort Wayne, Ind. 


GABY, FREDERICK ARTHUR, Erecting 
Engineer, Canadian General Electric 
Co.; res., 44 Beaconsfield Ave., Tor- 
onto, Ont. 


Girpwoop, Kennet J., Eleetrical and 
Mechanical Engineer, Compania Min- 
era Las Dos Estrellas, El Oro, Mex- 
ico. 


GorriN, EpwarpD WILLIAM, Commercial 
Work, General Electric Co., 84 State 
St., Boston; res., Lynn. Mass. 


HEGEMAN, ANDREW S., Student, Poly- 
technic Institute; res, 7921 18th 
Ave., Brooklyn, N. Y. 


Hope, RoBERT DEVERE, JR., Student, 
Polytechnic Institute; res., 147 State 
St., Brooklyn, N. Y. 


Horton, Louis S., Student, Clemson 
College; res., 639 W. Market St., 
Anderson, S. C. 


HusBERG, Tace WirLiAM, Draughts- 
man, Westinghouse Electric and Mfg. 
Co., East Pittsburg, Pa. 


Hussey, Harry BricHam, Manager, 
Crocker-Wheeler Co., Syracuse, N.Y. 


KENDALL, Howard CONVERSE, Con- 
tract Department, Allis-Chalmers Co., 
Milwaukee, Wis. 


KippeR, Harry Atvin, Assistant Elec- 
trical Superintendent, Interborough 
Rapid Transit Co., 59th St. and 11th 
Ave., New York City. 
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Kinc, MoRrLANp, Instructor Electrical 
Engineering, Union College, Schenec- 
tadv, N. Y 

LAWRENCE, ARTHUR Burtis, Assistant 
C. D. Haskins, General Electric Co.; 
res., 36 University Place, Schenec- 
tadv, N. Y. 

Line, THOMAS NoRwoop, Westinghouse 
Electric and Mfg. Co., Pittsburg; res., 

k 405 Gray Bldg., Wilkinsburg, Pa. 


LINDRIDGE, CHARLES DoucLas, Assist- 
ant in Equipment Department, New 
York Telephone Со.; res., 7 West 
Goth St., New York City. 

LINEBAUGH, JESSE JOSEPH, Engineer, 
Railway Engineering Department, 
General Electric Co.; res., 443 Mc- 
Clellan St., Schenectady, N. Y. 


MANVEL, FREDERIC Ina, Testing Engi- 
neer, Stanlev G. I. Electric Mfg. Co.. 
res., 631 North St., Pittsfield, Mass; 


McEwan, ALEXANDER WILLIAM FRYAR, 
Assistant Electrician, West Kootenay 
Power & Light Co., Rossland, B. C. 


MILLER, ARLIN D., Reno Power, Light 
and Water Co., 545 Mill St., Reno, 
Nev. 

MircHELL, ROBERT Ни сн, Student, 
Polytechnic Institute; res., 8612 Bay 
15th St., Brooklyn, N. Y. 


Moopy, WALTER SHERMAN, Designing 
Engineer, General Electric Co.; res., 
3 Avon Road, Schenectady, N. Y. 


PETERS, CHARLES SUMNER, Assistant 
Engineer, Wagner Electric and Mtg. 
Co., St. Lows, Mo. 


Рні111ь5, Tuomas LopGce, Superinten- 
dent, Genesee County Electric Light, 
Power and Gas Co., Batavia, N. Y. 


PracE, CLAUDEW., Electrical Engineer, 
General Electric Co.; res., 118 Park 
Ave., Schenectady, М. Y. 


PLank, Davin Horace, Electrical En- 
m General Electric Co.; res., 135 
arrett St., Schenectady, N. Y. 


PROTZELLER, Harry W., Foreman, 
Transformer Testing Department, 
General Electric Co.; res., 702 Camp- 
bell Ave., Schenectady, М. Ү. 

RHODES, GEORGE IRVING, Assistant En- 
gineer, Interborough Rapid Transit 

| Co, 59th St. and llth Ave, New 
York City. 

ScHATTNER, Ernest B., Schattner & 
Co., 83 Cannon St., London, Eng. 
FNYDER, ALLEN Lane, Electrical Engi- 
" neer, Seattle Electric Co., Seattle, 

Wash. 


[Dec. 


STEVENS, EDWARD Appison, Jr, En- 
gineering Department, American Tel- 
ephone and Telegraph Co., 22 Thames 
St.; res., 51 E. 29th St., N. Y. City. 

Waring, Tracy Dickey, Superinten- 
dent, Standard Underground Cable 
Co., Perth Amboy, N. J. 


WILEY, JAMES MELIN, Student, Poly- 


technic Institute; res., 1614 E. 18th 
St., Brooklyn, N. Y. 
Woop, Harry PETERMAN, Assistant 


Professor Electrical Engineering, Uni- 
versity of Illinois; res., 11014 W. Cali- 
fornia Ave., Urbana, IH. 


YATES, WILLIAM CHAUNCEY, Commer- 
cial Engineer, Rheostat Department, 
General Electric Co., Schenectady, 
Ne Уз 

YUILL, ALEXANDER CLAUDE Roy, Erect- 
ing Engineer, Canadian General Elec- 
tric Co., Lac du Bonnet, Manitoba, 
Can. 


SECRETARY Pork: Last evening 
upon invitation of the trustees of the 
United Engineering Society the Boards 
of Directors of the three founder institu- 
tions, the American Institute of Mining 
Engineers,’ the American Society of 
Mechanical Engineers and the American 
Institute of Electrical Engineers, met at 
the Engineers’ Building at 5 o'clock, for 
the purpose of inspection. The office 
floors are practically complete and read v 
for occupancy. The auditorium . and 
grand entrance hall on the first and sec- 
ond floors are vet in the hands of the 
contractors, All of us were impressed 
with the stately character of the buildinz 
and I wish to convey to you, the general 
expression of satisfaction. with the wav 
the architects have carried out this great 
work. In connection with this inspec- 
tion there was an informal dinner at half 
past six, at which the different represen- 
tatives of the institutions exchanged 


` their views and congratulations, and 


although this meeting wasof an informal 
character, resolutions were passed auth- 
orizing the trustees of the United Engi- 
necring Society to proceed with arrange- 
ments for the formal dedication of the 
building which will take place in April 
next. 

At this conference Chairman Thomas 
Commerford Martin, of the Building 
Fund Committee, announced that Mr. 
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George Westinghouse, as representing 
the various Westinghouse companies. 
had contributed to the land, building 
and endowment fund the sum of $50,000, 
to be equally divided between the three 
founder institutions toward the payment 
of the land. This was followed by the 
announcement that the Allis-Chalmers 
Company had contributed the sum of 
$3,500, to be similarly divided. Chair- 
man Martin assured the gentlemen pre- 
sent that he felt that when the building 
was formally dedicated, so far as the 
American Institute of Electrical Engi- 
neers was concerned, we would assume 
our responsibility, one-third of the land, 
free from debt. The building, as some of 
vou may know, is admirably calculated 
to accommodate meetings of various so- 
cieties from an audience of one thousand 
down to one hundred and fifty, and the 
accommodations are such that I shall 
feel well satisfied personally with the 
situation, and I trust you all will be, 
when you come to meet in the building 
and inspect the othces and the general 
quarters, the library and all the access- 
ories. 


The Editing Committee. 

At a conference of the Editing Com- 
mittee, Dec. 4, 1906, attended also by 
the President, the Secretary, and the 
Chairman. of the Local Organization 
Committee, the relation of the Branches 
to the main body and the publication 
of papers read before them and their 
discussions, were considered in full. 
The committee reached the conclusions 
stated hereinafter, by which the manage- 
ment of the Branches will hereafter 
be guided. 

1. It is the policy of the committee 
to publish in the PROCEEDINGS, meri- 
torious papers read before the Branches, 
and of course to embody them in the 
TRANSACTIONS, 

2. Discussions will be published only 
to such an extent as may be justified by 
their character. Repetitions of matter, 
brought out in the main meeting which 
discusses the paper under consideration 
in the Branch, will not be printed. 
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New York Meetings. 

The following schedule has teen pre- 
pared by the Committee on Papers, 
subject to possible change due to un- 
foreseen contingencies: 

December Meeting, Dec. 28, 1906: 
Recent Investigation of Lightning 
Protective Apparatus. 

R. P. Jackson. 

January Meeting, Jan. 25, 1907: 
Electrification of Steam Railways, 
L. B. Stillwell and H. S. Putnam. 

February Meeting, March 1, 1907: 
Lightning and Lightning Protection, 
Chatles P. Steinmetz, E. E. F. 
Creighton and D. B. Rushmore. 

March Meeting, March 29, 1907: 
Turbo Alternators, B. A. Behrend. 
Zig-zag Leakage of Induction Motors, 
R. E. Helmund. 

April Meeting, April 26, 1907: 
Rowland Telegraphic System and its 
Apparatus, Frank M. Potts. 

May Meeting, May 24, 1907: 
Alternating | Current Electrolysis, 
J.L. R. Hayden. 

Notes on Transformer 

H. W. Tobey. | 

Single Phase, High Tension Power 

Transmission, E. J. Young. 


Testing, 


Changes of Address. 

The annual catalogue is being re- 
vised up to January 1, 1907, and 
all members who have failed to notify 
the Secretary of any removal since the 
last printing, should do so at once. 
Any immediate future change should 
be given where possible, which need not 
affect the mailing address if proper in- 
formation is given. Preparations are 
being made for the introduction of a 
new mailing system after moving to the 
Engineers’ Building. This has not been 
feasible heretofore for lack of space. 
Corrections in the mailing list may 
then be made daily instead of monthly 
which will be more satisfactory for 
many reasons. Newly elected Asso- 
ciates and enrolled students should be 
informed that their names are not 
placed upon the mailing list until their 
first bill tor dues is paid. For this rca- 
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son discrepancies originate between the 
office lists and those of the local secre- 
taries. Monthly lists of changes are to 
be sent to the Branches hereafter, so 
that corrections may be made system- 
atically. 


Applications for Election. 

Applications have been received by 
the Secretary from the following can- 
didates for election to the Institute as 
Associates; these applications will be 
considered by the Board of Directors 
at a future meeting. 

Any Member or Associate objecting 
to the election of any of these candi- 
dates should so inform the Secretary 
before January 25, 1907. 


5410 
5471 
5472 
3473 
9474 
5475 
5476 
9477 
5478 
0479 
2480 
5481 
5482 
20483 
5484 
5485 


F. D. Brown, Minneapolis, Minn. 
Henry Beyer, Philadelphia, Pa. 
R. M. Dewhurst, Pittsburg, Pa. 
H. de C. Hamilton, Philadelphia. 
I. E. Hanssen, Pittsfield, Mass. 
C. C. Jackson, Newark, N. J. 

U. Kuniyasn, Schenectady, N. Y. 
L. A. Magraw, E. Orange, N. J. 
W. M. Olney, Brooklyn, N. Y.. 
S. Russell, Jr., Philadelphia, Pa. 
Roy L. Stone, Ithaca, N. Y. 

R. A. L. Snyder, Pittsburg, Pa. 
Harry L. Bell, Pittsburg, Pa. 

О. Т. Gierisch, New York City. 
G. Grosvenor, New York City. 

D. H. Cohen, New York City. 
5486 John F. Dunn, New York City. 
5487 Bert Forde, Chicago, Ill. 

5488 W. А. Keating, Pittsburg, Pa. 
5480 E. D. Mathev, Hoboken, N. J. 
5490 D. E. Manson, Brookline, Mass. 
5401 W. L. Nodell, Brooklyn, N. Y. 
5492 F. H. Russell, Rutherford, N. J. 
5403 Henry J. Scales, Vandergrift, Pa. 
5494 L. А. Thomas, New York City. 
5495 W.M. Wallace, New York Cit y. 
5496 Noble Watanabe, E. Pittsburg, Pa. 
5497 Carl Bendeke, Brooklvn, N. Y. 
5498 James А. H. Colgan, .N Y. City. 
5400 R. Н. Dearborn, Eugene, Ore. 
5500 О. A. Danielson, New York City. 
5501 W. А. Mead, New York City. 
5502 B. А. Schroder, New Orleans, La. 
55203 W. B. Clarke, Pittsburg, Pa. 
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5516 
5517 
5518 
5519 
5520 
5521 
5522 
5523 
5524 
5525 
5920 

5527 
5528 
5529 
5530 
25431 
5532 
0933 
5534 
9039 
205306 
5537 
25038 
202030 
5540 
9941 
95402 
20043 
5544 
9345 
3046 
5047 
2048 
9549 


2 5 3 0 


Neds Е.К. 


› W. F. Gates, 


9 R. S. Daniels, 
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R. W. Gulick, 
G. H. Moore, 


Brooklyn, N. Y. 
Seattle, Wash. 
Schenectady, N. Y. 
E. Anderson, Mexico D. F., Mex. 
E. R. Berry, Malden, Mass. 

R. H. Hough, Philadelphia, Pa. 
W. W. Lotspeich, Marion, N.C. 

C. B. Rhodes, Dallas, Ore. 
W. J. Stanton, Waterloo, la. 
. S. Henry, New York City. 

H. Cordell, New York City. 
Post Falls, Idaho. 
S. B. Wiliams, Jr., Chicago, Ш. 

. C. Hall, Pittsburg, Pa. 
. L. Brockway, New York City. 

. К. Work, Pittsburg, Pa. 
Myler, Hamilton, Ont. 
Anthony, Philadelphia, Pa. 
Boyden, Washington, D. C. 
er Cary, New York City. 

. Herr, Edgewood Park, 

. Kerr, New York City. 
‚ Ken nyon, Manchester, Eng. 

. Moore, St. Louis, Mo. 

А. Мс Ыл. Manchester, Eng. 

R. D. Parker, Ann Arbor, Mich. 
Frank J. Petura, Denver, Colo. 
W. T. Small, W. Lafayette, Ind. 
E. Landon, Fort Totten, М. Y. 
J. Е. Wallace, New York City. 
M. J. Knapp, Galveston, Texas. 
К. G. Averill, Wilkinsburg, Pa. 
H.C. Gilbert, Jr., Pine Beach, Va. 
T. Lewis, Amsterdam, N. Y. 
W. О. Oschmann, Allegheny, 
Alan Smout, London, Eng. 
W. Н. Thompson, Wilkinsburg, l'a 

>. G. Vance, London, Eng. 

C. Webster, Schenectady, N. Y. 
. Van R. Scheel, N. Y. City. 

P. MeMorrow, Ft. Wavne, Ind 
; C. Churchward, Edinburg, Scot. 

. W. Appleton, Passaic, N. J. 

F. Boldman, E. Pittsburg, Da. 

. W. Jackson, E. Orange, N. J. 

. H. Waldo, Maplewood, N. J. 

. G. Griffeth, Chicago, Ill. 

Havllar, Jr., Germantown, Pa. 

. H. Van Staagen, Philadelphia, 

. R. Cornick, Mexico City, Mex. 
Lou Cohen, Washington, D. C. 
Н. 5. Folev, Mexico City, Mex. 
R. G. Madge, Mexico City, Mex. 


P: 


W. 


Pa. 


azana erann 


Pa. 
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5557 F. D. Nims, Mexico City. Mex. 
5558 Н. 5. Pardee, Minneapolis, Minn. 
5559 J. J. Sidall, Trenton, N. J. 

5560 F. V. Young, St. Louis, Mo. 

5561 D. E. Pike, Brooklyn, N. Y. 
5562 W. T. K. Brown, Pittsfield, Mass. 
5563 F. J. Chesterman, Boston, Mass. 
5564 E. L. Delafield, New York City. 
5565 M. B. Foster, New York City. 
5566 M. J. Lide, Birmingham, Ala. 


5567 V.D. Dressner, New York City. 
5568 J. G. Dellert, Brooklyn, N. Y. 
5569 M. E. Fox, Hewletts, N. Y. 

5570 S. S. Holden, Brooklyn, N. Y. 


5571 Е. W.deMagalhaes, Brooklyn, N.Y. 


5572 J. E. Randall, Brooklyn, N. Y. 
5573 G. V. Watt, Brooklyn, N. Y. 
5574 Z. M. Briggs, Schenectady, N. Y. 
5575 John C. Davenport, Cincinnati, O. 
5576 W. J. Richards, Norwood, O. 
5577 G. T. Simpson, St. Paul, Minn. 
5578 E. C. Wright, Cincinnati, O. 
5579 H. W. Briscoe, St. Louis, Mo. 
5580 A. F. Nesbit, Durham, N. H. 
5581 John C. Potter, Madison, Wis. 
5582 L. N. Reed, Somerville, Mass. 
5583 John O. Gordon, Yonkers, N. Y. 
5584 Wm. B. Hillman, Оет Wash 
T otal, 115. 


Applications for Transfer. 
Recommended for transfer by the 
Board of Examiners, Dec. 7, 1906. 
Any objection to these transfers should 

be filed at once with the Secretary. 


WILLIAM Henry Bristor, Professor 
of Mathematics and Mechanics, Ste- 
vens Institute, Hoboken, N. J. 


HENRv St. Craik Putnam, Consulting 
Electrical Engineer, 100 Broadway. 


Personal. 
Mr. F. R. WELLes, of Paris, sailed for 
Europe December 15 after a brief visit 
in this country. 


Mr. W. G. СнаАСЕ, late of Toronto, 
Ont., is now with the municipal power 
department of Winnipeg, Manitoba. 
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MR. EUGENE MAXWELL of New York 
is now associated. with the Phoenix 
Construction Company at Raleigh, N. C. 


MR. W. V. B. Van Dyck has left 
Wilmington, N. C., to go with W. R. 
Grace and Company, Valparaiso, Chili, 
South America. 


Mr. Н. W. CoNNELL has left Syracuse 
Universitv to become associated with 
the H. H. Franklin Manufacturing Com- 
pany, Syracuse, N. Y. 


Mr. HERBERT В. RowLaND, formerly 
of Philadelphia, has gone to Baltimore, 
Md., as electrical draftsman and engi- 
neer with L. B. Stillwell. 


Mn. Lovis C. F. NAUTRE, test expert, 
Hartford Electric Light Company, is 
now with the Empire State Power Com- 
panv, Amsterdam, N. Y. 


Mn. HerBert W. Pupan, formerly 
of Halfway, Transvaal, has gone to 
Buenos Aires, South America, as con- 
sulting electrical engineer. 

Mr. Emit Gunter, late of Butler 
Brothers, is now with Westinghouse, 
Church, Kerr and Company, New York, 
as draftsman and designer. 


MR. BERTRAM Р. WILTBERGER, for- 
merly with the New York Edison Com- 
pany, is now assistant engineer with 
L. B. Stillwell, New York City. 

Mr. Е. P. Poore has left the Con- 
solidated Car Heating Company of 
Albany, N. Y., to go with the Bryant 
Electric Company, Bridgeport, Conn. 


MR. ALBERT Unt, formerly of Shreve- 
port, La. is at present manager of 
sales and apparatus department, Woods 
Electric Company, Houston, Texas. 


Mr. J. Н. HaBERLY has removed from 
the office of the Fort Wayne Electric 
Works, Boston, Mass., to the factory of 
the same company at Fort Wayne, Ind. 
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MR. W.G. LAWRENCE, manager of the 
Light and Power department of Hudson, 
Mass., 1s now connected with the Pub- 
lishers Paper Company, at Portsmouth, 
N. H. 


Mr. HERBERT C. Wirt has left the 
General Electric Company, Schenectady 
to become president of the Wirt Manu- 
facturing Company, South Hanson, 
Mass. 


Mr. R. C. TAYLOR, formerly assistant 
superintendent Brooklyn Heights Rail- 
way Company, is now with the Indiana 
Union Traction Company, at Ander- 
son, Ind. 


Mr. К. McCaskiLL has removed from 
Schenectady, N. Y., to New York City. 
He is now in the electrical engineering 
department of the New York Central 
Railroad. 


Mr. J. S. Bnosivs reports having 
changed from the Western Electric 
Company at Chicago, Ill., to the Elec- 
tric Controller and Supply Company, 
Cleveland, O. 


Mr. К. M. Kvein has removed from 
the Bureau of Equipment, Washington, 
D. C., to join the staff of the Northern 
Electric Manufacturing Company at 
Madison, Wis. 


Mr. R. E. THurston has changed 
from the Narragansett Electric Light- 
ing Company of Providence, К. I., to 
the Putnam Light and Power Company, 
Putnam, Conn. 


Mr. CHARLES I. BurKHOLDER, of 
Schenectady, М. Y., has been appointed 
manager of the operating department 
of the Southern Power Company, at 
Charlotte, N. C. 


MR. L. L. Tatum has left the Bullock 


Electric Manufacturing Company of 
Cincinnati, O., to go with the Cutler- 
Hammer Manufacturing Company of 
Milwaukee, Wis. 
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Mr. A. К. Myers, electrical engineer, 
has changed his address from the Inter- 
national Railway Company, 
Buffalo & Lake Erie Traction Company, 
of Buffalo, N. Y. 


Mr. EpwarbD B. MERRILL has left the 
Toronto and Niagara Power Company to 
become connected with the power con- 
struction department of the city of 
Winnipeg, Manitoba. 


Mr. SvpNEv В. AvsriN has resigned 
from the Rowland Telephone Company 
at Baltimore, Md., to become president 
of the Austin-Smith Engineering Com- 
pany, Baltimore, Md. 


Mr. С. W. Нлмптох has changed 
his address from Pittsfield, Mass., to 
New Haven, Conn., being emploved as 
assistant engineer with the New Haven 
Consolidated Railway Companv. 


Mr. Hans WEICHSEL, electrical en- 
gineer, formerly with the Westinghouse 
Electric Manufacturing Company at 
Pittsburg, is connected with the Wagner 
Electrical Corporation, St. Louis, Mo. 


Mr. }о$ЕРН B. Baker, formerly with 
the Publication Bureau of the General 
Electric Company at Schenectady, 
N. Y., has changed to the Government 
Fuel-Testing Plant, at St. Louis, Mo. 


Mr. C. E. Heston, recently in charge 
of installing a fire-control system at 
Fort Wadsworth, N. Y., has removed 
to Fort Hancock, N. J., for the purpose 
of installing a similar system there. 


Mr. Francis PORTER JOHNSON has 
left the Shaw Electric Crane Company 
of Muskegon, Mich., to become manager 
of the electrical department of Fair- 
banks, Morse and Company, at Detroit, 
Mich. 
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Mr. CuHarces L. MicHop, late man- 
ager of the Interstate Electric Com- 
pany, Limited, at Havana, has become 
salesman for the Westinghouse Electric 
and Manufacturing Company at At- 
lanta, Georgia. 


MR. JAMES Lynan, formerly elec- 
trical engineer with Laflin and Rand 
Powder Company at Columbus, Kan, 
is now connected with the construction 
department E. I. Du Pont Company, 
Wilmington, Del. 


Mr. FREDERICK L. Ray, formerly 
with the Stanley Rule and Level Com- 
pany, New Britain, Ct., isnow superin- 
tendent of construction for W. M. 
Sheehan and Company, electrical con- 
tractors, New York. 


Mr. James KiMBALL Hooper, for- 
merly manager of the heating depart- 
ment of the Edison Electric Illuminat- 
ing Company at Brooklyn, N. Ү., is 
now with the Economical Electric Lamp 
Company of New York City. 


MR. R. N. EuRHaART, formerly with 
the Westinghouse Machine Company at 
Pittsburg, Pa., has changed to the 
British Westinghouse Electric and Man- 
ufacturing Company, Trafford Park 
Works, Manchester, England. 


Mr. J. Е. SrTockwELr has changed his 
address and occupation from general 
manager of the Independent Telephone 
Company of Syracuse, N. Y., to as- 
sistant general manager of the Keystone 
Telephone Company of Philadelphia. 


ALLEN E. Ransom has resigned his 
position as electrical engineer of the 
Lewiston-Clarkston Company at Lewis- 
ton, Idaho, and is now associated with 
E. W. Cummings, consulting and con- 
structing engineer at Seattle, Wash. 
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Mr. W. W. Rav, who 15 located 
at Kansas City, Mo., was reported in 
the November PROCEEDINGS as being 
associated with the E. L. Overton En- 
gineering Company. This was not cor- 
rect; he is still with the General Electric 
Company. ` 


Mr. Francis J. Арлмѕ has removed 
from Westboro Hospital, Westboro, 
Mass., and is now associated with the 
transformer division of the engineering 
department of the Westinghouse Elec- 
tric and Manufacturing Company at 
East Pittsburg, Pa. 


Mr. КовіхЕеТТ Scrusy has left the 
National Cash Register Company where 
he was employed in the mechanical en- 


‘gineering department, to become As- 


sistant Works Manager of the British 
L. M. Ericsson Manufacturing Company, 
Limited, at Beeston, Nottingham, Eng. 


Edison Building Sold 

Although a comparatively new struc- 
ture, yet having been erected prior to 
the era of skyscrapers, the Edison 
Building, 44 Broad Street, for many 
years the headquarters of the General 
Electric Company in New York, has 
been sold to the City Investing Com- 
pany. The General Electric Company 
has leased an entire floor in the City 
Investing Company's new building at 
Cortlandt Street, and Broadway. The 
floors in this building will each contain 
about 19,000 square feet rentable space. 
The lease is for a term of ten years to 
begin as soon as the building is finished. 
Until that time the General Electric 
Company will continue in the Edison 
Building. 


Obituary. 

ARTHUR VAUGHAN ABBOTT, a Mem- 
ber of the Institute, and a well known 
civil, mechanical, and electrical engineer, 
died at St. Luke's Hospital, N. Y., De- 
cember 1, 1906, of pneumonia. Mr. 
Abbott was born in Brooklyn, N. Y. 
July 18, 1854, and was graduated from 
the Brooklvn Polvtechnic Institute in 
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1875, taking a post graduate course of 
one year. His first engagement after 
graduation was with the Department 
of Parks, New York City. After one 
year's experience he received an ap- 
pointment in the Engineers' Department 
of the East River Bridge, with which he 
was connected until the completion of 
the structure in 1882. While thus en- 
gaged. he made several meritorious in- 
ventions of wire cutting, steel- and 
cement-testing machinery. Не had 
charge of the cable construction, and the 
testing and inspection of materials. He 
was then engaged by E. T. Fairbanks 
and Co., and built testing machines and 
large railway and lock scales for that 
concern with which he continued for 
four years. Mr. Abbott was then ap- 
pointed Chief Engineer of the Boston 
Heating Co., and during his three years’ 
service, designed, installed, and operated 
a central station supplying about two 
square miles in the city of Boston. 
Through his subsequent engagement 
with the Daft Electric Light Company. 
Mr. Abbott entered the electrical field, 
and after a period of shop construction 
of dynamos and motors he began the de- 
signing, building, and operating of elec- 
tric railways at Meriden, Connecticut, 
Bloomfield, N. J. Atlantic City, N J., 
Bloomington, Ill., Ogden and Salt Lake 
City, Utah, and Augu ta, Ga., also elec- 
tncally equipping the Interstate Road 
at Kansas City, Mo. 

In 1892, Mr. Abbott began an import- 
ant period of telephonic engineering ex- 
perience in the construction and recon- 
struction work for the Chicago Telephone 
Company and in 1901 had erected twelve 
new offices and buildings. This work 
embodied also the necessary conduits, 
subterranean and aerial lines in Chicago 
and vicinity, a total of about 100,000 
miles of conductors, and the installation 
of 35,000 subscribers’ equipments. Mr. 
Abbott’s varied engineering experience 
led to his association in 1904 with West- 
ighouse, Church, Kerr and Company 
Where he remained until stricken with 
his fatal illness. . 

w ^s an author, Mr. Abbott's work 
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has been of great importance. His 
treatise on "' The Electrical Transmis- 
sion of Energy,” an exhaustive treat- 
ment of the subject, js used as a text- 
book in many American universities. 
It has been translated into German and 
used in the German universities. He was 
the author of a series of six volumes 
covering the entire field of telephonic 
engineering. He also wrote some smaller 
works of value upon mechanical engi- 
neering subjects, as wellas many maga- 
zine articles and professional papers. 
His engineering ideals were of a high 
standard, and he adhered rigidly to 
them. Mr. Abbott was elected an As- 
sociate of the Institute, October 21, 
1890, and transferred to the grade ot 
Member, January 16, 1895. Не was 
elected a Vice-President in 1900, and 
served forthe constitutional term of two 
years. He was also a member of the 
American Society of Civil. Engineers, 
the American Institute of Mining Engi- 
neers, and the American Society of 
Mechanical Engineers. 


WiLLIAM AuGustus WHITTLESEY, 
president and treasurer of the Pittstield 
Electric Company, an Associate of the 
American Institute of Electrical Engi- 
neers, died at his home in Pittsfield, 
Mass., Wednesday, December 5, of 
acute indigestion, after an illness of less 
than twenty-four hours. 

Mr. Whittlesey was born in Danbury, 
Conn., Feb. 21, 1849, and graduated 
from Marietta College, Marietta, O., 
class of 1870. Soon after graduating 
he went into the wholesale woolen 
business at Detroit, with his brother. 
Later he came to Lebanon, N. Y., and 
took charge of the literary department 
of the Henry A. Tilden Company; re- 
turning to Detroit three vears later. 
His health failed and he engaged in the 
lumber business in northern Wisconsin. 
Regaining his health after seven years 
in that region, he came East and located 
at Pittsfield. 

He was treasurer and manager of the 
Pittstield Illuminating Company from 
1877 until 1890 when he consolidated 
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it with the Pittsfield Electric Light 
Company, under the name of the Pitts- 
field Electric Company. From this be- 
ginning he developed the plant to large 
proportions, and the company has but 
recently completed a modern plant, one 
of the best in the state. In the early 
nineties Mr. Whittlesey became inter- 
ested in some of the electrical devices 
of William Stanley of Great Barrington, 
and induced him to organize a company 
to bear the inventor’s name. Com- 
mencing with a capital of $25,000 its 
growth was rapid. Subsequently Mr. 
Whittlesey relinquished his active con- 
nection with the company, although re- 
taining his directorship, to give his 
entire time to the business of the Pitts- 
field Electric Company; but the in- 
dustry planted in Pittsfield through his 
energy has grown to great proportions, 
and to-day the great Stanley plant 
stands as a monument to the business 
sagacity and untiring energy of William 
A. Whittlesev. 

Mr. Whittlesey married June 24. 
1874, Miss Caroline: B. Tilden, daughter 
of Henry Tilden, and niece of Samuel J. 
Tilden. His widow and three children 
survive him, also his mother, a sister, 
and three brothers. Mr. Whittlesey was 
elected an Associate of the American 
Institute of Electrical Engineers, July 
19, 1904. 


FirzHUGH TOWNSEND, Instructor in 
the Electrical Engineering Department 
of Columbia University, New York City, 
died of typhoid fever on December 11, 
1906 at his home 51 East Fifty-fifth 
street. He was the son of the late John 
J. Townsend and was thirty five years 
of age. He was a graduate of Columbia, 
class of 1893, and took the degree of 
electrical engineer in 1896. Mr. Town- 
send invented an electric signal device 
especially adapted to the third rail 
svstem, and acted as consulting engineer 
to the General Railway Signal Company. 
Mr. Townsend was elected an Asso- 
ciate of the Institute, January 20, 
1897, and took a very active part in 
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the preparations for the Conversazione 
of the Institute at Columbia Univer- 
sity April 12, 1901. 


——á——ÀÀ ———= 


Accessions tothe Library. 


The following donations have been 
made to the Library since the last 
acknowledgment : 


W. F. ALLEN: 
American Railway Association Pro- 
ceedings. 1905-1906. Chicago, 1905- 
1906. 


Dr. James Н. CANFIELD: 

Jackson, L. L. The Educational 
Significance of Sixteenth Century 
Arithmetic from the Point of View 
of the Present Time. 232 p., 9} 1n. 
New York. 1906. 

Kanolt, C. W. The Combination 
of a Solvent with the Ions. 24 p., 
9} in. New York. 1905. 

Pack, F. J. Cambric Fossils from 
the Pioche Mountains, Nevada. 13 p., 
pl, 9in. Chicago. 1906. 

Pack, F. J. Geology of Pioche, 
Nevada, and Vicinity. р. 285-3233, 
pl. 94 in. Lancaster. 1906. (From 
School of Mines Quarterlv.) 

Read, T. T. The Amalgamation of 
Gold-Ore. p. 467-495, 91 in. New 
York. 1906. (From Transactions of 
the American Institute of Mining 
Engineers.) 

Seil, H. A. Further Investigations 
in the Quinazoline Group. 36 p., 
9} in. Easton. 1906. 

Williams, S. R. The Reflection of 
Cathode Ravs from Thin Metallic 
Films. 21 p., 10 in. New York. 1906. 


ALLGEMEINE ELEKTRICITATS GESELL- 
SCHAFT: 
Mitteilungen der Berliner Elcktrici- 
tats-Werke. Year 1, nos. 1-12, 9} in. 
Berlin. 1905. 


AMERICAN RAILWAY ASSOCIATION: 
American Railway Association Pro- 


ceedings. 1886-1902, with Appendix 
1872-1885. 3 vols., 114 in. New 
York. 1872-1902. 
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Boarp oF Gas ахо ELECTRIC LIGHT 
COMMISSIONERS: 
Massachusetts Board of Gas and 


Electric Light Commissioners. An- 
nual report, 1005. Vol. 21. Boston. 


1906. 


WILLIAM CARROLL: 
Chicago Department of Electricity. 
Ninth Annual Report. 9} in. Chi- 
cago. 1905. 


Francis B. CROCKER AND SCHUYLER S. 
WHEELER: 

Crocker, Е. B., and Wheeler, S. S. 
The Management of Electrical Ma- 
chinery. 6th cdition. vii+ 223 p., 
il, 61 in. New York. 1906. 


M. Le DIRECTEUR, CONSERVATOIRE NA- 
TIONAL DES ARTS ET METIERS: 
Conservatoire des Arts et Métiers. 


Annales. 2d series, vols. 1—4, 6-10, 
9 in. Paris. 18859-18958. 


Jas. W. DUNBAR: 
Western Gas 
ceedings. ISS7-1I891, 

9 in. 1902-1906. 


Association. Pro- 
1 899— 1905. 


GAUTHIER-VILLARs: 

Etat Actuel des Industries. Elec- 
triques, Conférences. Faites, sous les 
Auspices de la Société Francaise de 
Physique et de la Socicté d'Encour- 
avement pour lIndustrie Nationale. 


246 р. ib, 10 in. Paris. 1906. 


ADOLPH F. HAMACEK: 
Hamacek, A. F. 
ble. 6 in. Sturgeon Bay. 


The Town Trou- 
] 902. 


Instiretion or ErkcrRICAL ENat- 
NEERS: 

Institution of Electrical Engineers. 

Electrical Handbooks. 4 vols., illus. 


maps, pl, 91n. London. 1906. 


LIBRARY OF CONGRESS: 

Library of Congress. 
Benjamin Franklin Papers in 
Library of Congress. 322 p., 
Washington. | 1905. 

Library of Congress. Select. List of 
Works Relating to Employers Lia- 
Миу. 25 p, 10 in. Washington. 
1906. 


List of the 
the 
101 in. 
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McGraw PUBLISHING COMPANY: 
McAllister, A. S. Alternating Cur- 


rent Motors. Ix, 278 p, 8 in. New 
York. 1906. 
Sır WiLLIAM MULUCK: 
Canada House of Commons. Pro- 


ceedings of the Select Committee on 
Telephone Systems. Vol. 1-2, 10 in. 
Ottawa. 19025. 


LESLIE S. ROBERTSON: 
The Engineering Standards Com- 
mittee. — Reports No. 15, 25, 27 
London. 


1906. 


L. W. ROSENTHAL: 
The Scientific Arena. June 1886- 
May 1887. 12in. New York. IS8S6- 
1537. 


Pror. Geo. D. SHEPARDSON: 
The Engineers’ Society (Univer- 


sity of Minnesota) Year Book. Vol. 
4-14. Minneapolis. 1896-1006. 
SOCIETY OF ARTS: 
Society of Arts. Journal. Nos. 
1724, 2020, 2032, 2033, 2054, 2185, 
2245, 2247, 2249, 2206, 2297. Lon- 


don. 1885-1896. 


BERNARD V. SWENSON: 
American Street Railway Associa- 
поп. Annual Report. v. 23. Chi- 
саро. 1905. 


MR. FRANK TALBOTT: 
Danville, Va., Water and Light 
Departments. Annual Report. 1895- 
1905. Danville. 1898-1905. 


WM. D. WEAVER: 
d'Alembert, J. Histoire des Mem- 
bres de l'Académie francois, morts 
depuis 1700 jusqu'en 1771. 6 vols., 
Tin. Paris et Amsterdam. 1787. 


Remittances in currency should be 


avoided. There have recently been 
two complaints that money sent 


from Hoboken, N. J. has not been 
received... Such losses аге embarrass- 
ing to all concerned, and can be 
guarded against by the use of ex- 
press or postal money orders, bank 
drafts. or personal checks. 
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Officers and Board of 
Directors, 1906-1907. 


PRESIDENT. 


Term expires 1907. 
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JUNIOR PAST-PRESIDENTS. 
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CHARLES A. TERRY, New York. N. Y. 


TOWNSEND WOLCOTT, New York, N. Y. 
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Term expires 1908. 
A. H. ARMSTRONG. Schenectady, N. Y. 
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Н. Н. HUMPHREY. St. Louis, Mo. 


MANAGERS. 


Term expires 1907. 
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HENRY G. STOTT, New York, N. Y. 
JAMES G. WHITE. New York, N. Y. 
LOUIS A. FERGUSON, Chicago, Ill. 
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CUMMINGS C. CHESNEY, Pittsfield, Mass. 
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LOCAL ORGANIZATIONS—DIRECTORY. 


Branches Organized. Chairman. Secretary. Branch Meets. 
BRANCHES. 
Atlanta............Jan. 19, '04 | A. M. Schoen. W. К. Collier. 
Baltimore......... Dec. 16, '04 | J. B. Whitehead. C. G. Edwards. 2d Friday. 
Boston............ Feb. 13, '03 | H. E. Clifford. C. H. Porter. 3d Wednesday 
Chicago................. 1893 | Kempster B. Miller. Н. R. King. Ist Tuesday after 
N. Y. meeting. 
Cincinnati......... Dec. 17, '02 | С. S. Reno. L. Lowenberg. 
Columbus......... Dec. 20, '03 | F. УУ. С. Bailey. H. L. Cook. Ist Mondays 
Minnesota.......... Apr. 7, '02]| Edward P. Burch. Barry Dibble. lst Friday after 
N. Y. meeting. 
Pittsburg.......... Oct. 13, ‘02 | Н. W. Fisher. H. D. James. 2d Tuesday. 
Pittsfield.......... Mar. 25, '04 | Gilbert Wright. S. H. Blake. 3d Thursday. 
Phitadelphia.......Feb. 18, '03 | W. C. L. Eglin. H. F. Sanville. 2d Monday. 
San Francisco...... Dec. 23, '04 | C. L. Cory. A. H. Babcock. 
Schenectady....... Jan. 26, '03 | D. B. Rushmore. E. E F. Creighton. | 2d Wednesday. 
Seattle............ Jan. 19, '04 | C. E. Magnusson. W. S. Wheeler. 2d Tuesday. 
St. Louis. ......... Jan. 14, '03 | A. H. Timmerman. A. S. Langsdorf. 2d Wednesday. 
Toronto. ......... Sept. 30, '03 | R. G. Black. L. W. Pratt. 2d Friday. 
Washington, D. C.. Apr. 9, '03. | Eigar Russel Philander Betts. 1st Thursday. 
UNIVERSITY BRANCHES. — 
Cornell University. Oct. 15, '02 | E. L. Nichols. H. H. Norris. lst Friday after 
N. Y. meeting. 
lowa State College. Apr. 15, '03 | F. A. Fish. Adolph Shane. Ist Wednesday. 
Lehigh University. Oct. 15, '02 | Wm. S. Franklin. William Est y. | 3d Thursday. 
Purdue University ..Jan. 26, '03 | C. P. Matthews. J. W. Esterline. Every Tuesday. 
Syracuse University Feb. 24, '05 | W. P. Graham ts, C. Baker. к! 3d Thurs- 
Univ. of Wisconsin Oct. 15, '02| Е. M C п'ес. J. W. Shuster. 4th Thursday. 
Univ. of Illinois. ...Nov. 25, '02 | Morgan Brooks. M. К. Akers. Ist Wednesday. 
Worcester Polytechnic Institute, 
Mar. 25, 'U4 | A. P. Chapman. A T.Childs 
STUDENT MEETINGS. С 
Armour Institute...Feb 26, '04 | C. E. Freeman С. E. Freeman 3d Monday 
Ohio State Univ. ...Dec 20, '02 | Н. С. Bartholomew F. E. Beutler Every | Tuesday 
evening 
Penn. State College.Dec 20, '02 | C. L. Christman H. L. Frederick Every Wednesday 
Univ. of Arkansas.. Mar 25, '04| W. N. Gladson L. S. Olney Ist & 3d Tvesdays 
Univ. of Colorado..Dec 16, '04 A. J. Forbess 
Univ. of Michigan.. Mar 25, '04 | Kenneth Barry C. TJ. Whipple. ш 3d Wednes- 
Univ. of Missouri...Jan 10, '03 | Н. B. Shaw Н. D. Carpenter. 1st and 3d Fridays 


Washington Univ...Feb 26, '04 | A. S. Langsdorf W. E. Bryan. Ist Wednesday 


A paper presented at the 2081 Meetimz of the Ameri- 
can Institute of Electrical Engineers, New York, 
Januarv 26, 1906. 


Copyright 1906. By A. I. E. E. 


(Subject to fina! Revision for the Transactions.) 


POWER PLANT ECONOMICS.* 


BY HENRY G. STOTT. 


Three years ago the steam-power plant for the generation 
of electricity had apparently settled down to an almost uni- 
form arrangement of standard apparatus in which one power 
plant differed from another only in details of construction of 
engines, generators, and auxiliaries. As only about twenty 
years had then elapsed since the first central station was put 
in operation on a commercial basis, this uniformity of design 
seemed to indicate that in the near future it would only be 
necessary to purchase a standard set of power-plant drawings, 
and make the necessary changes in size of units in order to 
have a station of the best type known to the art. 

The internal combustion or gas engine had from time to 
time been brought forward as a candidate for the position of 
prime mover, with every prospect of improved economy in fuel 
consumption; but with the exception of a few special instances 
it was not looked upon with favor, as shown by the almost uni- 
versal use of the steam engine. 

After a long period of development a new factor in power- 
plant design; namely, the steam turbine, was placed on the 
market in commercial sizes. It is safe to say that during 
the last three years no other piece of apparatus has had so 
stimulating an effect upon the power plant. Its effect upon 
the entire plant has been most beneficial, for it has revived 


* Owing to the late date at which this paper was received it is printed 
here without thorough review, in order not unduly to delay the issue of 
the January number of the PRoCEEDINGS.—THE EDITING CoMMITTEE.] 
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the apparently moribund superheater. This has now been so 
developed and improved that superheat of 200° or 300° fahr. 
can be safely and economically obtained. With the develop- 
ment of the superheater further study of the problem of com- 
bustion has improved the efficiency of the furnace; and this most 
important subject is apparently susceptible of still further 
development. 

One other important result of the steam-turbine development 
has been the development of condensing apparatus to such a 
point of efficiency that a vacuum within one inch of the simul- 
taneous barometer reading can now be maintained without 
difficulty. 

Another change in the power plant has been the reversion 
to high-speed generators, resulting in decreased cost of the 
generator and its foundations, as well as saving in floor space. 

Last but not least the steam turbine has put the recipro- 
cating engine and the gas engine on the defensive and has 
actually been unkind enough to throw out hints in regard to 
the application of Dr. Osler's proposed methods to the treat- 
ment of older apparatus. 

The reciprocating engine and internal-combustion engine 
have not been slow in accepting this challenge; they have re- 
sponded by showing so improved an economy (especially in 
the gas engine) that the situation has become most interesting 
to the power-plant designer. It is safe to say that the de- 
velopments of the next ten vears will show very marked im- 
provement in power plant efficiency. 

In regard to this development the author wishes to direct 
attention to the basic fact that іп power plants one should not 
look merely for increased efficiency in the prime mover, but 
should also investigate and analyze the entire plant from the 
coal to the bus-bars: first, in regard to efficiency; secondly, 
in regard to the effect of load-factor upon investment; and 
thirdly, the effect of the first and second upon the total cost 
of producing the kilowatt-hour, which is the ultimate test of 
the skill of the designer and operator. 


EFFICIENCY. 


In Table I will be found a complete analysis of the losses 
found іп a year's operation of what is probably one of the 
most efficient plants in existence to-day and, therefore, typical 
of the present state of the art. 
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TABLE NO. 1. 


ANALYSIS OP THE AVERAGE LOSSES IN THE CONVERSION OF ONE PouND 
or CoAL INTO ELECTRICITY. 


Btu. % Btu. % 


1. B.t.u. per pound of coal supplied.... 14150 100.0 

2. Loss in аз$һез...................... 340 2.4 
3. Loss to Stack. озуун» Мааа oes 3212 22.7 
4. Loss in boiler radiation and leakage.. 1131 8.0 
5. Returned by feed-water heater...... 441 3.1 

6. Returned by economizer............ 960 6.8 

7. Loss in pipe radiation.............. 28 0.2 
8. Delivered to circulator.............. 223 1.0 
9. Delivered to feed-pump............. 203 1.4 
10. Lossinleakage and high-pressure drips 152 1.1 
11. Delivered to small auxiliaries........ 51 0.4 
12: Нейра e TEES 31 0.2 
13. Loss in engine friction.............. 111 0.8 
14. Electrical 1055еѕ.................... 36 0.3 
15. Engine radiation losses............. | 28 0.2 
16. Rejected to condenser.............. 8524 60.1 
17. To house auxiliaries................ 20 02 


15551 109.9 14099 99.6 
: 14099 99.6 


Delivered to bus-bar.......... . 1452 10.3 


DISCUSSION OF DATA IN TABLE 1. 


Item 1. B.t.u. per Pound of Coal Supplied. The thermal 
value of the coal used is evidently of prime importance, as it 
affects the cost efficiency of the entire plant. The method of 
purchasing coal used in the plant from which this heat balance 
is derived is that of paying for B.t.u. only, with suitable 
restrictions on the maximum permissible amount of volatile 
matter, ash, and sulphur. 

A small sample of coal is automatically taken from each 
filling of the weighing hoppers, so that the final sample repre- 
sents a true average of a boat-load of coal. This final average 
sample is then pulverized and tested for heat value in a bomb 
calorimeter, after which a proximate analvsis is made of another 
portion of the sample. This method of purchasing coal has 
been in use for two years, with highly satisfactory results. 

Пет 2. Loss їп Ashes. It is doubtful whether a further 
saving in this item can be made, as the extra care and labor 
necessary to accomplish any improvement would in all prob- 
ability offset the saving in coal. 


(Jan. 26 


STOTT: POWER PLANT ECONOMICS. 


Quo23uUu 709 1N30 uad шш ЫЫ ШИШЕ 
< ea H eee ee р 
== 
ааа ааа Е 
eS ante 
ааа ааа 


ot 
LACE de ete А SCE ep 
ERI SE B ch 


ITE 


иаа ЕЕ а 
KRERENESNEESE 
BEI de 


BNNENRPENNEEMEM: 


39VA1N39U3d 


STOTT: POWER PLANT ECONOMICS. 


1906. | 


cer П 0 гөр eI I G I © & D а-и 


[ 6 8 L f У t f: e ot 6 q D 0 
EHNEMNERSEERMEMEEGEEEREENEREEENEEMENM ЖЫЙ NEG | 


E 'NOLLVH3J3O 10338v2 ‘LHONVYG 039403 '03HlJ-ONVH 
9'1-* O9 'LN3O Y34d 39v83AY “62 ON Y37109 'S06L '02-61 ‘030 


ME 040238 £09 "1832 иза -== f Reece eee 2а 


I 
LL LLL LIN LU Las LL. 


l 


1 


ашаа ааааа аашаа ааа 


HERE E HUE: 
кыы еа ошоо Е am ПГ "i 


Hi EN 


Base Seka E H--- met CARATE CH 
Ht tt AAT Да ДЕ М ТЕ AANT T N 
N IVT С EN 
КШ ИТЕ ИШИ А! a е eee ИШЕ ed 
ЕТЕДИ аии А Е E ILE ges d y и Е А ИШ 
MER ЖИИ. ү үт Е BENNESREERNENIUE 


Ve ba | Ж too Ul mI ct 
EE c 
о ааваасаа шро ааа Е 
LIII LI IJI o О А Б К И О Е А Е Е iq 
WINK UN NEN ME MSN а HH E 
ees ee ee BNENENENNNMENESNSENENSENESRKME 
LI os ed ЕЕ Е ЕЕ ШЕЕ! 


б 


'39v LN 043d 


[Jan. 26 


STOTT: POWER PLANT ECONOMICS. 


'e ‘OI 
аин! 
udg uep It "Ur" [ eI 


nt 
LEELLELELLTLLELTLLLILLIL макы жы жч «ж EIE 


и ЖЫ ЕНШЕ аашаа, 
ШШЕ НИЛДИН HEB EGG 
ШЕЙГЕ ЧЕЗ ЕГ ЫЕ ЕЕЕ 


passed (uuu! ЕН Seat шишиши 
ie alee fat ЕЕЕ WH HE i ooo | 


ВЕСА ЕЕЕ КЕСҮҮ HHE 
_ү у Ht Piss Sees eee E HEH! 


t 


2 


“BOVLINSOY 3d 


G 
HH | Жк ШКЕЖЕ ЕЕЕ E E 

: AM EH ET -- © EISE ШЕ ШЕ ЕНШ Vi ! 

] | | 
f S Е m d m me oe 
‘ee BREMEN |, 
Ж | ase z 
9505 ANUA IOa A ON HITO sock oeae AON ENNENNE 
1 


| | 'Q4223H -709 “LN39 uad UNE = 

— a a re a 4 
Perr ere | 

— DESEE CE Xe VE E zb. lx разе 


STOTT: POWER PLANT ECONOMICS. 


1906.] 


со 
SWIL : 
с "Ur" ct nt 6 Y c | uer 
il Ek @ SAREE Ж ж БЕ РЕШЕ | p 
BERE SURE ERA LI uL EL ЕЕ E. 
асаа АТА - 


p" ^ ЕЕ THERME d nu EJ. 
1 Д HA Mara EE 
[5 EL LE ee He ACAIR ja 
Hir A H E WERE BEN 
| ЩЕ Е Е ЗА A ы. 
FE EHE E REESE H, 
о 1-3-1 EL Е EH N 


db NI ЖЕ ЖӨЖӨ ЖЕШИНЕ ЕЖЕ NN 
ЕКЕН ЕНЕ ЕНЕН Led. 
NRENERRMENSIUNNNESMSE ЖЕШ ШЕ ИИ УЫ 0 
е EEE EE lee ШШ ЕШ ШЕ ИШИ oe ud 
ESEEENENEEEESENEENE MEE M NENNEN ЖЕК NEM ИШИ!) 
[eMe pty 
eC tok Sh Nese a E Е tes) quo ame al E 
MNENBENENENEE pe bee a) RREN 
E Q31v834O W3x01S anes eee 
ШЕИ TAR $'11:509 LN39 83d ISVYJAY [6 ом YJTOA-S06! 'tz-22 оза ШШ ЖИШШ = 


HEREZE л авн ENNNNE Е 
HX мз, 
таан 
Hp WIPE EUNA ENS ae EAS Ae datae X c 
| ‚ | e 


SOVINIOY 3d 


[Jan. 26 


STOTT: POWER PLANT ECONOMICS. 


"e “Ol J 


'LN39 43d :SS01 1303 
09 0c ot 0€ | 


08 02 0% ot 
pee te EEE fe EE 
See А В Б Д Е SEMEN E SER EUN eae Rew 

енини 
= Sake eee eae eee 


l 
| m rr E HE 
! 


= 


к у 
айплол с1мзә Y3d :"09 


- 
— 


or 


:SY9 1S0 vHX3 

NE 30 S$3Hn1vu3dW31 N33^138 39N39344IQ 
‘SVD 30714 NI '340n10A АВ '*09 "1N39 ыза OL 

EN 6507 1304 3AILV13U JHL ONIMOHS S3ABnO 


1906.) STOTT: POWER PLANT ECONOMICS 


E i u3M04 өч 837198 


BIEN 

ШИШИШИ ЕШ У-Н ШЕ ЕЕ 
БАЕ гании таннан 
ЖЕШ В qa АШИ ЖШ ТИШЕ а и Е n 
ХОИ О Д Е Е ИЕ РА И В О Е О Wades) Meee Е Е А Е 
ЕЕЕ Е-Е ЕРА 


: 8 ; 3 а 
ESS HHAH TH EERTSE; 
TE “| EINEN 
E15 aaa He БЕШИ ШШ 
EE IN as А Ге 5-5 
BEREIT AN +H- \ ЕЕРЕЕ 
ЕСЕ ЕЕЕ 
ЕССЕ 
на T OT SERADA RE А 
ЕССЕ ОССЕ 
ЖЫ Е В ШШЕ О It 
115555 PERSE ЕЕЕ а 
р: а ВЕ А HEC кшй шж 5 
| i22; ша кка ES Ж@ ПЕ ШӨ ECR. 
EE- ARENE A ИЕ E 
T] + (ЖЕШ ЕШ EE 
НЕН i a ШШ ПЕШ ЫИ ee a и Е А, 
BESEEEREBENENE VILLLLLELLLLT £ 
EJ passis Aero om ess 
RESAS JN LS LLLLLELLI $ 
Ж qd AM xXESESE Е И е Е В 
E PP ‚кеше Eee 
CLARE wee LETT И ЕШ ЕШ $ 
ЕЕЕ ЕЕЕ АЕЦ А 
ЕЕЕ EEE 
E 
a 
E 


ИШ 

к АЖИ ШИЕ ИИ 
SNB шнын яшн ишкин ЕЕ 
CERSEEEEE 

MN 


HEP а HH ee 


ҮЕ rae 


= 
d 
"1vOÓ2 Xs ONNOd u3d эче) 212 - ВОЈ ТАЗ ANZ IWAINGS 


Fio. 6. 


10 | STOTT: POWER PLANT ECONOMICS. (Jan. 26 


Item 3. Loss to Stack. This is one of the most vulnerable 
points to attack, as the loss of 22.7 per cent. is very large. 
Recent investigations show that promising results may be 
obtained by the use of more scientific methods in the boiler room. 


HOUR - 23- HOUR RUN. JAN. 1-2-06 


а 81 | eee 
ea AHHH- ШШШ ИШЕ 
: ОЕ БШ БИГЕ ИИ Ж ИШ 
- ----S-EE-ESECEERHH- 
|- m Mop ГА NEUE 
а И ce ae esas eee 
SEE ЕНЕНЕ уе | HE 
NEUE И eee edes pepe e 
XM saar жИН ИНИН ш 
ae E a APSR eee 
P» E шша IMEEM MSN EMNNISS 
isl Y--HAHAH83-H-H-H-H- 
zh EU a a a Gn a ES In 
ин eee eee 
ges | шишик LAC LL 
$ nap E A A 
à - ENENESZESEESE 
Ё Е CUNG UD E ШИЕ иШ 
Bi Hb eee EHH 

ы -HHHH 

-—-- |} H4- 

БЕ БОТА ETERNI 

R = = i = 2059 47" RR =S? 
BAWNIOA £09 LN39 uad "Омун ЕЕ]: mop cS 


AN30 H3d 


In practically all cases it will be found that this loss is due 
almost entirelv to admitting too much air to the combustion 
chamber, resulting in cooling of the furnace. This result is 
usually produced by “ holes " in the fire; these '' holes" тау 


Fig. 7. 
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be due to several causes, but usually are due to carelessness 
on the part of the fireman. 

Fortunately, a very valuable piece of apparatus has been 
placed upon the market in the shape of a CO, recording instru- 
ment. The results of a series of tests made with this instru- 
ment are shown' in Figs. 1 to 4. 

Fig. 1 shows the average condition of a furnace using small 
sizes of anthracite, with forced draught. The conditions are 
such that approximately 40 per cent, of the thermal value is 
being lost. 

Fig. 2 shows what improvement may easily be obtained by 
watching the CO, record, and indicates a saving of about 19 
per cent. over the previous case. 

In the combustion of the small sizes of anthracite it is neces- 
sary to use a draught of not less than 1.5 in. of water; this 
breaks the crust of the fire in the thin spots, allowing the air 
to come through in such volumes that an enormous amount of 
heat is wasted in raising the temperature of the surplus air 
and at the same time causing inefficient combustion in the 
entire furnace. 

Fig. 3 shows a record taken from a stoker boiler whilst the 
recorder was covered up to prevent the fireman from seeing 
the record. 

Fig. 4 shows a record taken from the same stoker boiler 
with the fireman watching the CO, indications, resulting in a 
saving of over 12 per cent. Later records show that even 
better results than an average of 11.4 per cent. of CO, can be 
obtained. 

Fig. 5 shows the calculated losses in fuel corresponding to 
various percentages of CO, for three different temperatures of 
flue gases. 

From a consideration of the above tests it seems reasonable 
to assume that the 22.7 per cent. loss to stack can, by scientific 
methods in the fire room, be reduced to about 12.7 per cent. 
and possibly to 10 per cent. 

Before the installation of the CO, recorder a long series of 
evaporative tests was made to determine the most economical 
draught to carry when a high-grade semi-bituminous coal was 
burning on the automatic stokers. The results shown in Fig. 6 
were so remarkable that they were repeated under different 
conditions in order to confirm them. Since the installation of 
the CO, recorder, however, the explanation 1s apparent; as the 
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draught giving maximum evaporation per pound of combustible 
corresponds to the point of maximum CO,, illustrating the in- 
herent difficulty of maintaining efficient conditions in the 
combustion chamber with high draught. This is well illustrated 
by Fig. 7, showing the draught, per cent. of rating, and per- 
centage of CO,. 

Item 4. The loss in boiler radiation and leakage, amounting 
to eight per cent., is largely due to the inefficient boiler setting 
of brick which, besides: permitting radiation, admits a large 
amount of air by infiltration. This infiltration will increase 
with the draught, thus tending to exaggerate the maximum 
and minimum points on Fig. 6. The remedy for this radiation 
and infiltration loss is evidently to use new methods of boiler 
setting, such as an iron plate air-tight case enclosing a car-, 
bonate of magnesia lining outside the brickwork. 

Mr. W. H. Patchell,* of London, who recently visited us, has 
introduced very large boilers, assembling two in one sctting; 
each boiler has a normal evaporation of 33 000 lb. per hour and 
in this way has cut down to a minimum the radiating surface 
per square foot of heating surface. He has also introduced 
the iron case with magnesia lining, and with good results. 

The question of boiler leakage is one in which the choice of 
the lesser of two evils is necessary; for in the tubular or cylin- 
drical boiler the leakage will undoubtedly be less than in the 
water-tube type, owing to the smaller number of joints in the 
water space. But these two advantages are offset by the in- 
creased difficulty of construction, and the danger of using 
large boilers of the tubular type, especially with high-pressure 
stcam. 

It is now generally admitted that there can no more 
difference in the efficiency of different tvpes of boilers under 
similar conditions than there can be in electric heaters, press 
agents to the contrary notwithstanding. 

Item 5. Returned by Feed-Water Heater. The importance of 
getting the feed water to the maximum temperature obtainable 
is generally recognized, and would seem to indicate that all 
auxiliarics should be steam driven so that their exhaust may 
be utilized in the feed-water heater; in this wav the auxiliaries 
may operate at about $0 per cent. thermal efficiency. 

liem 6. Owing to the difficulty of pumping water at tem- 


-— 


* See paper read Dec. 7, 1005, before the Institution of Electrical En- 
gineers, by W. H. Patchell. 
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peratures above 150 degrees fahr., when under pressure, it 
becomes necessary to install economizers for the purpose of 
increasing the feed-water temperature to 200 or 250 degrees 
fahr. As this increase of temperature is obtained from the 
waste gases at no expense for fuel, it only becomes necessary | 
to consider the load-factor, as will be shown later, in order to 
decide whether economizers should be installed or not. In 
practically all cases where the load factor exceeds 25 per cent. 
the investment will be justified. 

In deciding upon the size of economizer to be installed it 
is important to consider first, the influence of the economizer 
upon the available draught due to the obstruction it offers and 
also due to the reduced stack temperature; the second 1m- 
portant consideration is to equate the interest and depreciation 
charges against the saving in fuel, and so determine the amount 
of investment justified in each particular case. 

Item 7. Loss їп Pipe Radiation. By the use of two-layer 
pipe covering, each layer being approximately 1.5-in. thick, 
and sections put on in such manner that all joints are broken, * 
the radiation losses have become practically negligible. 

Items 8 and 9. Heat Delivered to Circulating and Boiler-Feed 
Pumps. As these auxiliaries may be either electrically driven 
or steam driven it is interesting to note that the thermal eff- 
ciency of the electrically-driven pumps would be equal to the 
thermal efficiency of the plant, multiplied by both the efficiency 
of conversion from the alternating to direct current and by the 
motor efficiency. In this case, there would be a net thermal 
efficiency of 10.3x 0.93 x 0.90 = 8.63 per cent., whereas 
the thermal efficiency of the steam-driven auxiliary discharging 
its exhaust into a feed-water heater at atmospheric pressure 
would be approximately 87 per cent. | 

Item 10. Loss in Leakage and High-Pressure Drips. The loss 
in leakage should be infinitesimal, and the high-pressure drips 
can be returned to the boilers, so that practically all the loss 
under this heading is recoverable. 

Items 11, 12, and 17 are probably unavoidable and of so small 
a magnitude as not to merit much consideration. 

Item 13. Loss in Engine Friction. Recent tests of a 7 500-h.p. 
reciprocating engine show a mechanical efficiency of 93.65 
per cent. at full load, or an engine friction of 6.35 per cent. 
As this forms only 0.8 per cent. of the total thermal losses it is 
relatively unimportant. Attention is called to the method of 
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lubricating all the principal bearings by what is known as the 
flushing system, whereby a large quantity of oil is put through 
all the bearings by gravity feed from elevated oil reservoirs 
common to all the units; after passing through the bearings 
the oil is returned by gravity to oil filters in the basement and 


- then pumped up to the reservoir tanks again. About 200 gal- 


lons per hour are put through each engine, and of this quantity 
only about 0.5 per cent. is lost. This method of oiling un- 
doubtedly contributes to the general result. 

Item 14. As large electrical generators can now be obtained 
which give from 98 to 98.5 per cent. efficiency, 1t would seem 
as if the limit in design had been reached and that hereafter 
the problem of design is to be merely one of altering dimensions 
to suit varying sizes and speeds. While this is true as far as 
the efficiency is concerned, other problems are continually 
arising, such as the design of generators for an overload capacity 
of 100 per cent. to meet the demand for apparatus capable of 
taking care of great overloads economically for short periods, 
corresponding to peak loads of a railroad or lighting plant. 

Item 15. Engine Radiation Losses. This source of loss has 
evidently been reduced to a negligible quantity by the use of 
improved material and methods of heat insulation. 

Item 16. Rejected to Condenser, 60.1 per cent. This imme- 
diately introduces the thermodynamics of the steam engine, a 
subject so broad that it will be impossible to do more than 
touch upon some of the most important points in considering 
steam-engine efficiency. 

The efficiency of any heat engine can be expressed by the 

Т, "n Т, 


ratio of E =. TO where 7, is the absolute temperature of 
1 


the steam entering the engine and 7, the absolute temperature 
of the steam leaving the engine. Thus in the engine whose 
stcam-consumption curve is given in Fig. 8, if the initial pres- 
sure is 175 lb. gauge and the vacuum at the low-pressure ex- 


haust nozzle is 28 in., then the maximum thermal efficiency is 


334 — 5 
S 802 = 33 per cent. This would be true for any form 
of engine or turbine working between the same temperature 
limits. 

In Fig. 8, however, it is seen that the point of maximum 
economy shows a steam consumption of approximately 17 lb. 
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per kilowatt-hour, which is equivalent to 20349 B.t.u. per 
hour. One kilowatt-hour is equal to 3412 B.t.u. per hour, 
so that the actual efficiency of the steam engine and generator 


3 412 
20 349 


this load is approximately 98 per cent. the net engine thermo- 


is = = 16.7 per cent. As the generator efficiency at 


. 16. 
dynamic efficiency is 0.98 
The difference between the theoretical efficiency and the 
actual is then 33 — 17 = 16 per cent., of which 6.35 per cent. 
has already been accounted for in engine friction, so that the 
balance of 9.65 per cent. is due to cylinder condensation, in- 
complete expansion, and radiation. 

As the engine friction in a two-bearing engine with high- 
pressure poppet valves and low-pressure Corliss valves has by 
careful design been reduced to less than 6.5 per cent. gain 
can not be expected here, so attention must be centered on the 
loss due to cylinder condensation, etc., amounting to 9.65 
per cent., in order to effect any improvement. 

Superheated steam is the only remedy at hand and with it 
we can probably effect an improvement of 5 or 6 per cent. bv 
using such a degree of superheat in the boilers that dry steam 
will be had at the point of cut-off in the low-pressure cylinder. 

Any greater amount of superheat than this will merely re- 
sult іп loss to the condenser; for it should be remembered that 
the cylinder losses increase with the difference in temperature 
between the steam and exhaust portions of the cvcle; in other 
words, the greater the thermal range of temperature the greater 
the condensation loss. This would seem to point to the use 
of more cylinders; but this involves additional first cost and 
friction as well as more space and higher maintenance charges. 

Fig. 9 shows what may be gained by reducing the tempera- 
ture at the end of the cycle by means of increased vacuum, 
but in the case in point the maximum vacuum obtainable in 
practice was used so that no additional] economy can be ex- 
pected in this way. 


= 17 per cent. 


SUMMARY OF ANALYSIS OF НЕАТ BALANCE. 
The present type of power plant using reciprocating engines 
can be improved in efficiency as follows: 
Reduction of stack 1055е5...................... 12% 
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Reduction in boiler radiation and leakage....... 5% 
Reduction in engine losses by the use of superheat. 6% 
resulting in a net increase of thermal efficiency of the entire 
plant of 4.14 per cent., and bringing up the total thermal efficiency 

from 10.3 per cent. to 14.44 per cent. 


THE STEAM TURBINE. 


A typical economy curve of a steam turbine is shown in 
Fig. 10. An inspection of this curve, which represents what 
is probably the best results obtained up to date, shows: first, 
that the best economy on dry saturated steam is practically 
equal to that of the reciprocating engine in Fig. 8; secondly, 
that 200 degrees superheat reduces the steam consumption 
13.5 per cent. But calculating the total heat units in super- 
heat from H, = Н 4 0.48 (1,—1,) the B.t.u. per kilowatt-hour 
are 20 349 for dry saturated steam, whilst for 200 degrees 
superheat they are 19008 or a net thermal saving of 6.6 per 
cent. The shape of the economy curve, however, is much flatter 
than that of the reciprocating engine, so that the all-day effi- 
ciency of the turbo unit would be considerably better than 
that of the reciprocating engine, with the other great advantage 
of costing approximately 33 per cent. less for the combined 
steam motor and electric generator. 


HIGH-PRESSURE RECIPROCATING ENGINE WITH LOW-PRESSURE 
TURBINE ON ITS EXHAUST. 


The inherent principles involved in the design of the steam 
turbine show that it can be expected to give an almost perfect 
adiabatic expansion, as there are no thermal cycles of heating 
and cooling at every stroke as in the reciprocating engine; 
there is an almost ideal thermal drop from the steam valve to 
the condenser. It is also evident that the expansion will be 
relatively more nearly adiabatic in the low-pressure stage of 
the turbine than in the low-pressure cylinder of the engine, 
so that it has been proposed that the reciprocating engine should 
be run high pressure where relatively it is more efficient than 
the steam turbine, utilizing the turbine for the low-pressure 
part of the cvcle. In other words, use each where it is most 
efficient. 

The following calculations show approximately what might 
be expected from such a combination. Assuming that the 
5 000-kw. reciprocating unit would take 50 per cent. more 
steam when operating non-condensing than when condensing 
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there would then be (see Fig. 8) a consumption per kilowatt- 
hour of 25.5 1b. 

Steam expanding between the absolute pressure of 190 Ib. 
and 14.7 lb. would give up 165.3 B.t.u. per lb., or a total of 
4 215 B.t.u. per kilowatt-hour. 

The total heat in the steam at 190 1b. absolute is 1 197, so 
that the heat units left for the turbine would be 


(1 197 х 25.5 — 4 215) х5 000 = 131 542 500 B.t.u. 


The B.t.u. per kilowatt-hour for a turbine unit operating on 
dry saturated steam (see Fig. 10) were 20 349, but owing to 
the wetness of the steam at atmospheric pressure the efficiency 
of the turbine would in all probability be reduced to about 
70 per cent. so that the steam consumption of the low-pressure 
turbine would be increased to 29070 B.t.u. The total power 
available from the turbo generator would then be 4 807 kw. 

We thus find that for a total of 152 617 500 B.t.u. we now 
get 5 000 kw. from the reciprocating unit, and 4 807 kw. from 
the turbo unit or a total of 9 807 kw. at a cost of 15 562 B.t.u. 
per kilowatt-hour. 

This turbo unit would be interposed directly between the 
exhaust nozzle of the reciprocating engine and the condenser, 
and would have no valves or governing mechanism whatever. | 
The generator would be connected directly to the other gen- 
erator leads without any switching apparatus, except possibly 
knife switches to disconnect for testing purposes; and in operation 
no attention whatever would be required beyond the ordinary 
lubrication of bearings. Such a unit it is evident could be built 
at a very small cost per kilowatt-hour. 


THE INTERNAL COMBUSTION OR Gas ENGINE. 


The gas engine has probably developed more slowly than 
any other piece of modern apparatus, as it is now thirty years 
since the Otto gas engine was introduced. It is only within 
the last ten years that the larger tvpe of engine, from 500 to 
2000:h.p. in size, has appeared. The delay in bringing for- 
ward the most efficient motive power known is chiefly due to 
the difficulty experienced in developing an efficient and in- 
expensive method of making gas. As far as the production 
of gas from anthracite and non-caking bituminous coals is 
concerned this problem has apparently been solved, but it is 
still in a more or less unsolved condition for the richer bi- 
tuminous and semi-bituminous caking coals of the eastern states. 
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The following heat balance is believed to represent the best 
results obtained in Europe and the United States up to date 
in the formation and utilization of producer gas. 


ANALYSIS OF THE AVERAGE LOSSES IN THE CONVERSION OF ONE PouND 
oF CoAL CONTAINING 12 500 B.T.v. INTO ELECTRICITY. 


B.t.u. Per cent. 


1. Loss in gas producer and auxiliaries................ 2500 20. 
2. Loss in cooling water in jackets.................... 2375 19. 
3. Loss in exhaust gases.......... eee mnn 3 750 30. 
4. Loss in engine Їгтїсйїоп............................ 813 6.5 
5. Loss in electric репега{ог.......................... 62 0.5 
бы Total 108865. юшин ишки а ооо о Бк 9500 70.0 
7. Converted into electrical епегру.................... 3000 24.0 
12 500 100.0 


The great objection to the use of the gas engine for electrical 
purposes has been: first, its lack of uniform angular velocity; 
secondly, its uncertainty in action and high cost of main- 
tenance; and thirdly, its inability to carry heavy overloads. 
Recent developments have removed the first and second ob- 
jections; and a period of vigorous development has resulted 
in placing the gas engine in the front rank of claimants for 
attention as a prime mover. 

The total investment for a gas-producer plant, all auxiliaries, 
gas engines, and electric generators, has been reduced by the 
elimination of the gas-holding tank to a point where it is now. 
practically on a par with a first-class steam plant using high- 
grade reciprocating engines. 

Where natural gas or blast-furnace gas can be obtained the 
gas engine has outdistanced all competitors; and now that 
some of our large manufacturers have taken up in earnest the 
problem of designing producer-gas plants, it is safe to say 
that rapid developments will result. 

The records of operation of several important installations 
of gas engines in power plants abroad and in this country seem 
to indicate that only one important objection can be raised 
to this priine mover, and that is that its range of economical 
load is practically limited to between 50 per cent. load and 
full load, as shown in Fig. 11. This lack of overload capacity 
is probably a fatal defect for the ordinary power plant, more 
especially for the average railroad plant operating under a 
violently fluctuating load, unless protected by a storage-battery 
of comparatively large capacity. 
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New ТҮРЕ ОЕ PLANT. 


Over a year ago, while watching the effect of putting a large 
steam turbine having a sensitive governor in multiple with 
reciprocating engine-driven units having sluggish governors, it 
occurred to the author that here was the solution of the gas- 
engine problem; for the turbine immediately proceeded to act 
like am ideal storage-battery; that is, a storage-battery whose 
potential will not fall at the moment of taking up load, for all 
the load fluctuations of the plant were taken up by the steam 
turbine, and the reciprocating units went on carrying almost 
constant load, whilst the turbine load fluctuated between 
О and 8 000 kw. in periods of less than 10 seconds. 

The combination of gas engines and steam turbines in a single 
plant offers possibilities of improved efficiency whilst at the 
same time removing the only valid objection to the gas engine. 

A steam-turbine unit can easily be designed to take care of 
100 per cent. overload for a few seconds; and as the load fluctua- 
tions in any plant will probably not average more than 25%, 
with a maximum of 50% for a few seconds, it would seem that 
if a plant were designed to operate normallv with 506, of its 
capacity in gas engines and 50% in steam turbines, any fluctua- 
tions of load likely to arise in practice could be taken care of. 

We have seen that the thermal losses in the gas-engine jacket- 
water amounted to approximately 19%, and as the water is 
discharged at a temperature above 100? it can be used to ad- 
vantage for boiler feed. 

The jacket-water necessary for an internal combustion engine 
will probably be about 40 lb. рег kilowatt-hour, assuming that 
the jacket-water enters at 50? fahr.; then the discharge tem- 


19x 12 500 
40 х 100 


As the steam turbine will require only about 15 Ib. per kilo- 
watt-hour, including auxiliaries, it is evident that only 37.5% 
of this heat or 7.1% of the jacket-water loss can be utilized. 
The other loss in the exhaust gases of 30% can be utilized either 
in economizers or directly in boilers or superheaters. 

Thus by utilizing the waste heat in the gas engines for the 
purpose of assisting to make steam for the turbines, there can 
be saved approximately 37% of the total heat lost in the gas 
engine. 

In the summarv of analvsis of heat balance it was shown 


perature will be 50+ = 109.4° fahr. 
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that one can reasonably expect to bring the reciprocating 
engine plant up to a maximum total thermal efficiency of 14.44%, 
or possibly with steam turbines using superheat, to 15%. 

Referring now to Table 1 it will be noted that in Item 2 the 
loss in ashes was 2.465, and the loss to stack in Item 3 was 
22.7%; now with the hot gases from the gas-engine exhaust it 
is evident that the loss in 2 will not exist, and that Item 3 will 
be reduced from 22.7% to about 5% as the process of com- 
bustion is completed in the gas engine. The total efficiency 
of conversion of this 30%, of heat from the waste gases when used 
in the turbine plant would then be 15.04 2.44- (22.7 — 5) = 
35.1%. А 

The heat recoverable from the jacket-water was shown to 
be 7.1% of the total heat in the coal so that there is 30%+7.1% 
= 37.1% of the original heat in the fuel returned from the gas 
engine, and this can be converted into electrical energy at an 
efficiency of 35.1%. 

For each kilowatt delivered by the gas-engine plant, З 918 
B.t.u. will be simultancously turned over to, the steam plant, 
and this in turn will give 403 watts to the steam plant free of 
cost. 

The steam plant will then have only to furnish 1 000 — 403, 
or 597 watts per kilowatt at a thermal efficiency of 15%; in 
other words, the economy of the steam part of the plant will 


15 


— = 95 C7 
be raised to 0.597 ^ 2740 
The average total thermal efficiency of such a combination 
24 4 25 


plant would then be —5 = 24.5%. 


д 


Loap-FAcTOR AND INVESTMENT. 


In Fig. 12 the interest depreciation and taxes on a plant 
costing $130.00 per kilowatt, which may be taken to represent 
a first-class steam or internal combustion plant, is shown plotted 
in conjunction with various load-factors. 

Another curve is plotted showing the minimum investment 
with a plant in which the prime mover would be steam turbines 
and designed otherwise without regard to efficiency, leaving 
out economizers, feed-water heaters, etc., and thus reducing 
the investment to $90.00 per kilowatt. This cheap and rela- 
tivelv inefficient part of the plant would only be operated on 
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peak loads of two or three hours’ duration, corresponding to a 
load-factor of 0.1 or less found in possibly 40% of the output 


of our lighting plants. 
In Table 2 will be found a tabulation of the relative values 


TABLE II. 


DISTRIBUTION OF MAINTENANCE AND OPERATION. CHARGES PER 
KirLowATT-HovuR. 


Recip- Gas 
Recip- | Steam |rocating | Gas- |Engines 
rocating |Turbines| Engines |Engine|. and 


Engines & Steain} Plant | Steam 
Turbines Turbines 
MAINTENANCE. ————j|JB———— IM-—— - | ——_- — 
1. Engine room mechan- 
ICA raided eios eia e 2:57 0.51 1.54 2.57 1.54 
2. Boiler room or producer 
тоо1............... 4.61 4.30 3.52 1.15 1.95 
3. Coal- and ash-handling 
apparatus.......... 0.58 0.54 0.44 0.29 0.29 
4. Electrical apparatus.... 1212 | 1,12 1-12 1.12 1.12: 
OPERATION. 
5. Coal- and ash-hardling 
IH BOE Cose NET avs 2.26 2.11 1.74 1.13 1.13 
6. Removal of ashes...... 1.06 0.94 0.80 0.53 0.53 
7. Dock rental........... 0.74 0.74 0.74 0.74 0.74 
8. Boiler-room labor...... 7.15 6.68 5.46 1.79 3.03 
9. Boiler-room oil, waste, 
etc 0.17 0.17 0.17 17 0.17 
10: СОАТЕ oa scio era UE ER 61.30 | 57.30 46.87 | 26.31| 25.77 
11. Water уыр 7.14 0.71 5.46 3.57 2.14 
12. Engine-room mechan- 
ical 1аһог........... 6.71 1.35 4.03 6.71 4.03 
13. Lubrication........... 1.77 0.35 1.01 1.77 1.06 
14. Waste, еїс............ 0.30 0.30 0.30 0.30 0.30 
15. Electrical labor........ 2.52 2.52 2.52 2.52 2.52 


Relative cost of mainten- 
ance and operation. .| 100.00 | 79.64 | 75.72 | 50.67 46.32 


Relative investment in per 
CONG Л е quos Siete eos 100.00 | 8 


- 


2.50 | 77.00 100.00! 91.20 


of the various items necessary in the maintenance and opera- 
tion of a power plant. The first column covers a plant with 
compound condensing reciprocating engines without super- 
heat, and is derived from a vear's record of actual costs of a 
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large plant operating with a load-factor of approximately 50 
per cent.; load-factor in this case being defined as 


К Actual output Е 
Maximum hour’s load х 24 


The values in the other columns have in the main been esti- 
mated from the first column, but wherever possible actual 
data derived from various sources, both domestic and foreign, 
have been used; but in all cases all values have been reduced 
so as to make them directly comparable with the first column, 
and with one another. The values in maintenance and opera- 
tion of steam turbines are derived from actual costs. 


SUMMARY. 


1. The present type of steam-power plant can be improved 
in efficiency about 25 per cent. by the use of more scientific 
methods in the boiler room, by the use of superheat, and by 
running the present types of reciprocating engines high pres- 
sure, and adding a steam turbine in the exhaust between the 
engine and the condenser. At the same time the output of 
the plant can be increased to double its present capacity at 
a comparatively small cost for turbines and boilers. 

2. The steam-turbine plant has an inherent economy 20 per 
cent. better than the best type of reciprocating-engine plant, 
not so much due to its higher thermal efficiency as to a variety 
of causes shown in Table 2. 

3. An internal combustion-engine plant in combination with 
a steam-turbine plant offers the most attractive proposition 
for efficiency and reliability to-day, with the possibility of 
producing the ‘kilowatt-hour for less than one half its present 
cost. 

In conclusion, the author wishes to acknowledge the kindness 
of the Westinghouse Machine Co., the General Electric Co., 
and the Allis-Chalmers Co., in furnishing data on steam turbines 
and gas engines, and also the work of his assistant, Mr. W. S. 
Finlay, on data and in preparation of curves. 
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A SELF-EXCITING ALTERNATOR* 


BY E. F. ALEXANDERSON. 


The large amount of work which has been done on self- 
exciting alternators and the numerous different types of these 
alternators that have been proposed clearly indicate the de- 
sirability of such a machine. This paper describes a type of 
self-exciting alternator developed by the author, but in the 
course of the description the work of other inventors will also 
be briefly referred to. 

The theoretical possibility of a self-exciting alternator was 
demonstrated years ago, both in this country and in Europe, 
but insufficient knowledge of the principles underlying com- 
mutation and voltage regulation led to the early experimental 
machines being abandoned as unsatisfactory. The real reason 
for the unsatisfactory behavior of these machines was appar- 
ently not fully understood at that time, with the result 
that the rectifying commutator then used was condemned as 
being unfitted for supplving the field excitation for self-exciting 
alternators. 

Inventors that have worked on this problem in later years 
have employed entirely different methods. Heyland's self-excit- 
ing alternator, often mentioned in recent technical literature, has 
been developed from the principle of a direct-current armature 
with a multi-segment commutator and a number of coils con- 
nected to the segments. The mechanical construction of the 
direct-current armature is unsuitable when applied to the 
field of an alternating-current generator, and for this reason 

*[Owing to the late date at which this paper was received it is printed 


here without thorough review, in order not unduly to delay the issue of 
the January number of the PRocEEDINGS.—TH& EDITING CoMMITTERE.] 
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the later machines of the Heyland type are constructed with 
projecting poles in a manner similar to the poles of ordinary 
generators. In Heyland’s generators good commutation is ob- 
tained by dividing the field winding into a sufficient number 
of circuits interconnected in such a way as to reduce the re- 
active voltage when the current is commuted from one field 
circuit to another. The commutation is further improved by a 
set of revolving resistances shunting the commutator segments. 

Another type of sclf-exciting alternator similar to Heyland’s 
has been devised by Latour. This employs a multi-segment 
commutator, and a field winding with a number of coils in which 
the current 15 successively changed as the brushes pass the 
commutator segments. 

The self-exciting alternator designed by the author does not 
use the multi-circuit arrangement of the field. but can be con- 
sidered as a development from the old principle of rectifying 
commutator, cited in reference to the early experiments. A 
novel feature of this machine is the automatic voltage regula- 
tion accomplished by a special application of the field rheostat. 
While in ordinary generators the ficld current is controlled 
by hand regulation, this machine emplovs a three-phase field 
rheostat in which the voltage drop is automatically cut down 
to the desired extent by a three-phase current forced through 
the rheostat in opposite direction to the field currents. The 
current used for reducing the drop in the rheostat is taken 
from a transformer connected in series with the armature 
circuit. In this way the field current is regulated with respect 
to the power-factor as well as to the amount of current taken 
from the generator. 

The principles which must be borne in mind in the design of 
self-exciting compounded alternators are: 

A. The commutation must be satisfactory with a load of 
any character, without shifting the brushes. 

B. The compounding must be arranged so that armature 
reaction is compensated for, not only with variations of the 
load, but also for changes in power-factor. 

It will be shown that both of these conditions can be obtained 
without departing from the simplicity of a single field winding 
of the ordinary type which carries a direct current and is fed 
from two terminals connected to a rectifying commutator. 
Any standard type of field winding as at present applied to 
the ordinary type of alternating-current machinery can there- 
fore be used with this system. 
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A general diagram of the author’s tvpe of alternator is shown 
in Fig. 1. The exciting current is generated in an auxiliary 
three-phase winding placed in the same slots as the main arma- 
ture winding. The terminals of this auxiliary winding are con- 
nected to three sets of brushes that bear on a rectifying com- 
mutator of special type. This commutator has one active 
segment per pole, covering practically two-thirds of the pole- 
pitch, the remaining one-third of the arc being insulated. Each 
alternate segment 15 connected to one terminal of the field 
winding, and the remaining segments to the other. By this 
arrangement it is possible to make the commutation inde- 
pendent of the reactance which is inherent in the ordinary 
type of field winding, and the whole process of commutation 
is carried out in the stationary circuits before the current 
enters the ficld. 

The voltage generated in the auxiliary winding is sufficient 
to supply current for excitation at full inductive load; and the 
excitation is adjusted to the proper no-load value by a three- 
phase rheostat inserted in the neutral point of the auxiliary 
winding. Automatic compounding is accomplished by means 
of a series transformer connected to the rheostat; the trans- 
former sends a current through the rheostat in a direction oppo- 
site to the field current, thereby eliminating the voltage drop 
in the rheostat. The elimination of the voltage drop in the 
rheostat changes over more or less of the field current from 
the rheostat to the series transformer. The secondary current 
of the series transformer is in phase with the line current, while 
the field current is practically in phase with the voltage. The 
amount of boosting in the field circuit will therefore depend 
not only upon the value of the secondarv current, but also 
upon the power-factor of the load. А function of the rheostat 
which is just as important as the field control, is 1ts influence 
on the commutation. This will be explained later. As far as 
commutation is concerned, the full resistance of the rheostat 
may be considered as always being in circuit, although the larger 
part of the field current mav flow through the series transformer. 

As the phenomenon of commutation with this kind of recti- 
fying commutator is entirely different from that with the 
ordinary multi-segment commutator of a direct-current machine, 
it may be of interest to enter somewhat further into the theorv 
of commutation in the new type of alternator. In order to 
understand the operation of the commutator it must be borne 
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in mind that the field winding carries a continuous current in 
spite of the fact that the impressed voltage is of a pulsating 
character. The only fluctuation that can occur is the quite 
negligible pulsation needed to induce a voltage large enough to 
overcome the ohmic resistance of the winding. The current 
in the three-phases of the exciting circuit is not an alternating 
current of the regular sine-wave shape, but is formed of pieces, 
so to say, cut off from the direct current. The commutation 
consists in changing over the direct current from one phase of 
the exciting circuits to another, and occurs when one brush 
has come in contact with a segment and another brush is ready 
to leave the same segment and run into the dead part of the 
commutator. At this instant the current must be changed, 
in the brush which enters the segment; from zero to full value 
of the direct current; and the current in the other brush must 
be reduced from maximum to zero. Commutation should occur | 
a little later than at the moment in which the induced voltages 
are equal in the two phases undergoing commutation. If we 
imagine that one of the brushes is leaving the segment when 
the voltages are exactly equal, that brush would vet be carrving 
a part of the field current and this current would suddenly be 
interrupted and changed over to the other circuit. If the sta- 
tionary circuit has a high reactance the sudden change of the 
current would induce a voltage between the brush and the seg- 
ment, and thereby cause a spark. The moment of commuta- 
tion should, therefore, be delayed to such an extent that the 
difference in voltage between the two phases begins to force 
a cross current through the completed circuit formed by the 
two phases and the rheostat. As soon as the two brushes are 
in contact with the same segment thev naturally divide the 
field current; but the cross current which is superimposed on 
the field current will weaken the current in one of the phases 
and strengthen it in the other phase. If, therefore, the cross 
current is half as large' as the field current at the moment of 
rupture, one of the phases will carry the entire current and 
none will pass through the brush which is leaving the segment. 
In this way complete commutation takes place just before 
the brush leaves the segment, and consequently no sparking 
wil occur. The time which 1s required for the cross current 
to reach the value of one-half of the field current depends upon 
the reactance and resistance in the external stationary circuit. 

From the preceding it is evident that whatever be the values 
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of these quantities, a position can be found for the brushes 
where commutation. will occur without sparking. But it is 
also evident that a slight variation in the position of the brushes 
may cause severe sparking if the circuits are not properly de- 
signed. If the circuits consist of a winding with a very small 
resistance and high reactance, a, small difference in voltage 
will cause a large cross current to flow between the two phases, 
and this cross current cannot be broken suddenly without spark- 
ing. In order to obtain successful operation of the commu- 
tator, the generating circuit should be designed with as little 
reactance as possible and with a considerable amount of resist- 
ance. 

Since this machine has been developed the question has often 
been asked, why a rectifying commutator has been so success- 
ful on this particular application, while it cannot be used for 
direct-current generators. One reason for its success when used 
for field excitation is that the presence of the rheostat in the 
stationary exciting circuit introduces a resistance which pre- 
vents the flow of an excessive current whén two brushes are in 
contact with the same segment. A rheostat is used in the field 
. circuit of any generator; and Although it consumes a con- 
siderable part of the exciter voltage it is not objectionable, 
on account of the small power involved. Another reason for 
the success of the rectifying commutator when applied to field 
excitation is that the field current is generated by a magnetic 
flux large enough for the total output of the machine, permitting 
the auxiliary winding to be designed with a small number of 
turns and low reactance.” 

The effect of each of the different conditions which influence 
commutation has been determined experimentally. The most 
important of these conditions are: 

1. Effective voltage across the brushes. 

2. Effective voltage of the auxiliary winding. 

3. Resistance of the stationary exciting circuit. 

4. Reactance of the stationary exciting circuit. 

5. Current density in brushes. 

6. Velocity of commutator. 

7. Amount of direct current taken from commutator. 

The above quantities simply affect commutation in deter- 
mining the extent to which the brushes may be shifted without 
causing sparking. The method of investigating how these 
several factors influence commutation has been to vary one 
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quantity at a time, keeping all the others constant. In 
general the results show that the range over which the 
brushes may be shifted without sparking is inversely propor- 
tional to the voltage across the brushes and, up to a certain 
limit, almost directly proportional to the resistance in the 
stationary exciting circuit. It is also an interesting fact that 
commutation is independent of the current taken from the com- 
mutator, if the voltage of the auxiliary winding and the re- 
sistance of the rheostat are kept constant. 

In order to insure successful operation of the commutator 


Fic. 3.—100-kw. Self-exciting Alternator. 


in a compounded machine it is not only necessary to study 
the phenomena of commutation independently, but several 
other factors should also be taken into account. A machine 
should be designed so that the most favorable position of the 
brushes varies as little as possible for different characters of 
load. In order to understand this it will be necessary to enter 
somewhat further into the theory of compounding; but in 
passing it may be mentioned that it has been demonstrated 
that a machine can be designed with the most favorable position 
of the brushes coincident for no load and for full load. 

In considering the theory of compounding self-exciting 
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alternators it will be assumed that the rule suggested by the 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, and generally 
accepted in calculating the regulation, is true, as it is found to 
agree with practice in the majority of cases. According to 
this rule, the excitation which is needed to maintain a certain 
voltage at the machine terminals, neglecting the ohmic drop in 
the armature winding, can be found by combining the ampere- 
turns of the no-load excitation with the ampere-turns of the 
synchronous impedance at right angles for non-inductive load; 
and for any other load at an angle which corresponds to the 
power-factor. The phases of the auxiliary winding are con- 
nected in such a manner that the voltage induced in them lags 
by 90 electrical degrees behind the corresponding phases ot 
the main winding. The secondary circuits of the series trans- 
former are closed through the rheostat, and the current com- 
bines with the field current at right angles at non-inductive 
load, but is in phase with it at zero power-factor. At full 
inductive load of zero power-factor the field current in the 
rheostat is completely neutralized by the current of the series 
transformer. The effect’ of the series transformer on the ex- 
citing circuit is, therefore, equivalent to an additional electro- 
motive force which can be combined with the electromotive 
force of the auxiliary winding at an angle dependent upon the 
power-factor. The resulting electromotive force available 
through this arrangement, for excitation, 1s obviously the same 
as that calculated by the A. I. E. E. rule. 

The quantities have to be slightly modified in practice to 
produce the exact degree of compounding or over-compounding 
desired. The compounding for non-inductive load can be 
changed at will without changing the compounding for load 
of zero power-factor. This is accomplished by so connecting 
the armature that the electromotive force of the auxiliary 
winding lags less than 90 degrees behind the electromotive 
force of the main winding. If the effect of the series trans- 
former is considered as an electromotive force combined with 
that of the auxiliary winding, at approximately right angles 
for non-inductive load, it is evident that the resulting voltage 
impressed on the brushes has not the same phase relation to 
the voltages of the machine at full load as it has at no load. 
In order to insure good commutation at any load, it is desir- 
able that the three-phase voltage impressed on the brushes 
should pass through its zero point at a given position of the 
commutator. 
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In every alternating-current generator the armature reaction 
for non-inductive load is a magnetomotive force tending to 
produce a set of poles midway between the poles excited by . 
the field winding. The magnetic field of a loaded generator 
is, therefore, not the same as the field at no load; it is a com- 
bination of the magnetic flux induced by the field winding and 
that generated by the armature reaction. The angle of dis- 
placement between the resulting field and the mechanical 
center-line of the poles depends upon the design of the magnetic 
structure, and varies widelv in different types of machines. 
The simplest case to illustrate is a field of the high-speed tur- 
bine type in which the field winding is placed in slots, as this 
type offers uniform reluctance to the lines of force in all di- 


Fic. 4.—Revolving Field of 100-kw Self-exciting Alternator. 


rections. The field excitation and the magnetic flux induced 
by the armature reaction are, therefore, proportional to the 
corresponding magnetomotive forces, and combine at right 
angles for load of unity power-factor. When the machine is 
under load the resulting field is displaced from the mechanical 
center-line of the poles by an angle; the tangent of this angle 
is the armature reaction divided by the field excitation. From 
this it will be seen that it is possible to design a self-exciting 
compounded machine so that the most favorable position of 
the brushes remains practically constant. If the compounding 
is calculated according to the A. I. E. E. rule, the voltage of 
the compounding should have a relation to the voltage of the 
auxiliary winding approximately the same as the armature 
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reaction to the field excitation. On account of the armature 
reaction the resulting field will lag a certain angle behind the 
center line of the poles; the electromotive force, however, 
induced by the field in the auxiliary winding is so combined 
with the electromotive force of the compounding that the 
resulting voltage is ahead of the machine voltage by approx- 
imately the same angle as the field is distorted by the armature 
reaction. | 

The accompanying oscillograms, Figs. 8 and 9, show the 
shape of the current wave in one of the phases of the exciting 
circuit, and confirm the theorv of commutation given above. 
One of the diagrams was taken at that position of the brushes 
which is most favorable for commutation. The top of the wave 
is a straight line; or in other words, a direct current, as should 
be expected. After this comes a period of commutation. 
The current is gradually brought down to zero through the 
effect of the cross current, and remains zero until the brush 
comes in contact with the next segment. The other diagram 
was taken with the brushes shifted a certain distance from the 
most favorable position. The peak at the beginning .of the 
current wave indicates that the cross current had reached too 
large a value before the circuit was broken. Even under 
these conditions, however, commutation occurred without 
sparking. | | | 

The fact that all the phenomena of compounding take place 
within the magnetic circuit of the field makes the compensation 
for the armature reaction instantaneous. In апу generator a 
sudden increase in the armature reaction produces, by induc- 
tion, a momentary increase ‘of current in the field winding; 
in the present case this increase of field current is maintained 
by the increased voltage at the field terminals, which, because 
of the compounding, varies simultaneously with the change 
of load. This fact can be demonstrated by observing an 
incandescent lamp fed from the alternator circuit. If the 
generator runs at no load, and full load is switched on, no 
fluctuation whatever can be observed in the brightness of the 
lamp. 

The compounding for non-inductive loads affords an easy 
method of compensating for speed variations in the prime 
mover, which are due to fluctuations of the load. "This method 
of compensating for the speed variation is appreciated in the 
case of direct-current generators, although the compensation 
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is not so good as in alternating-current machines. The latter 
machines have a compounding characteristic which gives a 
perfectly straight line, as shown in Fig. 2; whereas the well- 
known shape of the compounding characteristic of the direct- 
current generators usually shows a much larger increase of volt- 
age at three-quarters’ load than at full load. 

The illustrations in Figs. 3 to 7, inclusive, show some of the 
features which have been adopted in the type of self-exciting 
alternators developed by the author. The commutator is 
built on a straight shell, and the segments are held together 
by two steel rings shrunk on the ends of the bars. These 
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Fic. 5.—Armature with Auxiliary Winding 


rings serve as an electrical connection between the different 
segments, one of the rings being connected to every other 
segment, and the other ring to the rest of the segments. The 
two terminals of the field winding are connected to two seg- 
ments of opposite polarity, and consequently to the respective 
end-rings. In this way the end-rings can be used at any time 
as collector rings for separate excitation. The spaces between 
the segments are electrically equivalent to air-gaps, but in order 
to support the brush mechanically the dead spaces are filled 
with a number of small copper bars separated bv mica insula- 
tion. 


Li 


1906.] ALEXANDERSON: ALTERNATOR. 41 


In parallel operation with ordinary machines, and also with 
other self-exciting machines, these alternators have given 
favorable results. When two or more over-compounded alter- 
nators are operated in parallel, in the same[station, the series 
transformers should,be interconnected by an equalizer bus-bar 
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Fic. 6.—500-kw. Self-exciting Turbo-Alternator. 


in the same wav as the series fields are equalized 1n compounded 
direct-current generators. If the self-exciting alternator is to 
run in parallel with a separatelv-excited generator, the com- 
pounding should be adjusted to correspond to the inherent regula- 
tion of the separatelv-excited machine, in order to divide the 
current properlv. When considering the parallel operation of 
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these machines, special attention may be called to a convenient 
method which can be adopted for synchronizing If one gen- 
erator is to be started and synchronized with other self-exciting 
generators, it is only necessary to bring the machine up to 
approximate synchronous speed as held by the governor, and 
to close the main switch. The closing of the switch will cause 
a momentary rush of current, but the compounding of the 
other generators will prevent any material disturbance of the 
line voltage; and the machine, which has been started, will 
build up its field immediately. The rush of current which 
occurs when closing the main switch, if the generators are out 


Fic. 7.— Series Transformer and Rheostat for 5007kw. 
Self-exciting Alternator. 


of phase, is, however, not nearly so great with self-excited 
as with separately-excited alternators. In the case of the 
separately-excited machine, a north pole takes the position 
which should be occupied by a south pole, causing a cross 
current to flow, which is twice as large as a short circuit on the 
generator; whereas the self-excited machine has no definite 
polarity before synchronization, and the auxiliary windmg 
tends at every moment to generate a polarity corresponding to 
the line voltage. This phenomenon can be observed if a polar- 
ized direct-current ammeter is connected in series with the 
field circuit during svnchronization. The ammeter needle will 
swing on both sides of the zero point with decreasing speed and 
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increasing amplitude, until it finally stops either on the positive 
or the negative side. 

If the self-excited machine is allowed to build up its own 
voltage independently, and is synchronized in the ordinary 
way, there is less chance of failure than with a separately- 
excited generator. The following experiment was made: A 
500-kw. self-excited generator was switched in with a 500-kw. 
separately-excited machine when directly in opposition to the 
latter. The self-excited machine immediately changed its 
polarity, only an instantaneous spark being noticed at the 
commutator. 


Fic. 8.— Oscillogram of Current in Brushes. 


Tests which have been made give promise of an extensive 
use of self-exciting machines as synchronous motors. А self- 
exciting synchronous motor can be either shunt connected or 
compounded. Compounded synchronous motors will be found 
to be especially useful for boosting the voltage at the ends of 
long transmission lines. In this case the series transformer 
which is used for compounding should be connected in series 
with the main line, so that an increase of current in the rest 
of the system raises the excitation, with a consequent increase 
of leading current in the synchronous motor. 

The method of starting a self-exciting synchronous motor is 
the same as that of starting an ordinary synchronous motor 
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until the speed approaches synchronism. The ordinary syn- 
chronous motor is an induction motor brought up to an ap- 
proximately synchronous speed through the inductive relation 
of stator and rotor windings. When the field is excited the 
revolving part receives alternately positive and negative im- 
pulses as the poles slip over the synchronous positions, until 
one positive impulse is strong enough to pull the machine 
into step. In synchronizing the self-excited synchronous 
motor, the same phenomena will occur as in the self-excited gen- 
erators. When the torque due to inductive effect begins to 
decrease on account of the decrease of slip the excitation im- 
pressed through the commutator becomes active, and the field 


Fic. 9.—Oscillogram of Current in a Brush at an Unfavorable Brush-shift. 


will receive a series of impulses—all in the same direction— 
which increase in strength with the decrease of slip until syn- 
chronism has been reached. 

It is anticipated that the self-exciting alternator will be 
extensively used on account of its automatic features, and the 
cheaper and more simplified station arrangements that it ren- 
ders possible, especially in steam-turbine installations where 
direct-connected exciters are not desirable. The abolishing of 
the exciter plant with its steam piping, engine, and motor- 
generator set, will considerably simplify the station. The 
saving of labor mav also be considerable, as the attendants 
will have only the main generating units to operate. The 
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saving in cost and labor on account of the simplified arrange- 
ment applies to large as well as to small stations; and it 1s 
probable that self-excited alternators will be preferred to sep- 
arately-excited alternators for the same reasons that self-ex- 
cited direct-current machines are generally preferred to those 
that are separately-excited. 

Any ordinary type of. alternating-current generator can be 
adapted for the system of excitation and compounding de- 
scribed, and the experience already gained clearly indicates 
that it is applicable to large as well as to small units. The 
fact that the machines described have passed the experimental 
stage, and that one of the leading electric concerns is manu- 
facturing them as standard apparatus, gives promise that more 
data regarding the practical and commercial operation will 
soon be available. | 
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SOME CONSIDERATIONS GOVERNING THE LOCATION 
OF RAILWAY SUB-STATIONS.* 


BY C. W. RICKER. 


To show this method of treatment more clearly, a simple 
problem will be discussed by means of it. А typical interurban 
railway consisting of one long line has been selected, because 
it suffices to exhibit the method without an excessive amount 
of labor. No attempt has been made to determine exactly the 
quantities used, but only to make them consistent, as in any 
problem they must be determined for the particular conditions 


encountered. 
Assuming the following data, there is required the number 


of sub-stations to obtain the best operating economy. 


Distribution.......... Alternating-current-direct-current. 
Length of line........ 60 miles. 

DETVICE E sain dae Hourly in both directions, 20 hours per day. 
Schedule speed....... 30 miles per hr. 

Stops per single trip..... 10 

Cars on the line...... 4 for 18 hours, 2 for 2 hours. 
Car-hours perday........ 76 

Weight per car (approximate)..... 30 tons. 

Mean amperes per car..... 135 

Mean square amperes percar....... 3o 000 

Running current, multiple, per car....200 amperes 
Starting current, multiple, percar..... 400 amperes. 
ТАСКА те a EE Single, 80 rails. 

Track resistance per mile............ 0.0313 ohm. 
Sub-station power-factor.............. l. 

Resistance of copper per mil-mile..... 04 750 ohms. 
Weight of copper per mil-mile....... 0.016 Ib. 


*Continued from page 1123, December, 1905, PROCEEDINGS. 
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Price of copper perlb................. $.15 

Rate Of Interest. ida килиш ERE ERAS 5©% 

Annual fixed charges on sub-station 
buildings and land.. КҮЗГҮСҮ. 

Annual fixed charges on 00. station 
equipment ........... Edad Ru eta 15% 

Cost of energy at sub-station alternating-current. 
ВИВА о ma qat ое I 25 


The secondary copper is assumed continuous and of uniform 
section from end to end of the line. 

The sub-stations are arranged so that the drop in the sec- 
ondary copper and track is the same at points midway between 
sub-stations and at the ends of the line, the end-sections being 
three-fourths the length of the intermediate sections. 

Assuming this hne fed through different numbers of sub- 
stations, it is desired to draw the following curves, with the 
number of sub-stations as abcissas and the total annual cost in 
dollars, as ordinates. 

Annual charges on sub-station buildings and land 
Annual charges on sub-station equipments 

Annual charges on secondarv conductors 

Annual cost of sub-station attendance 

Annual cost of sub-station losses 

Annual cost of losses in secondarv conductors and track. 

The cost of and loss in the primarv distribution are assumed 
to be nearlv enough constant, so that thev may be neglected 
in a preliminary discussion; but if desired curves representing 
them mav be added to those enumerated. These quantities 
have been computed and the curves drawn, for the number 
and arrangement of sub-stations shown in the following table. 

Sub-station Capacity.—With the service outlined, the max- 
imum load of anv sub-station will be that due to the starting 
of two cars at once, 800 amperes, lasting for a few seconds. 
With the largest number of sub-stations, the capacity of each 
has been made equal to one half of this, allowing a momentary 
overload of 100%, in case the whole load falls upon one sub- 
station. With the smallest number of sub-stations, the capacity 
of each has been made equal to the maximum load. In the 
intermediate arrangements, the capacity of each sub-station 
is graded between these limits in the proportion of the com- 
bined line and track resistance between adjacent sub-stations; 
this is verv nearly proportional to the distance between the 
sub-stations. | 
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Sub-station Losses and Secondary Copper.—The mean all dav 
efficiency. of the sub-stations of each arrangement was obtained 
by dividing the total output of the sub-stations bv the total 
input. The total output was assumed constant at 6 669 kw-hr. 
The efficiencv of each sub-station at the mean load of one car 
and at the mean load of two cars, was computed from typical 
efficiency curves of synchronous converters and transformers, 
allowing 6% for losses when running idle. From these the mean 


£ 


З 


Annual Cost und Charger in Dollars 


Sec.Copper Loss 


, Bec.Copper 
| Annual Cost 


| T = 
с” ша | | Sub.station 


| Stüb.station 
| | us Equipinent 
--— - Sub.station 
P| | | Attendance 
| | | = Sub.station 
5 (4 3 a Land and Birildings 
Nuunber uf Sub- stations 


Fic. 1. 


E 


y 


rates of input and the total input were computed. From the 
all-day efficiency the cost of energy at the direct-current bus- 
bar was computed, for use in proportioning the secondary 
conductors by kelvin's law. 

The exact computation of the losses in the secondarv con- 
ductors is verv laborious; to approximate these losses the 
load was assumed to be fixed at its mean distance from the 
sub-station, one-quarter section, and the resistance of the sec- 
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ondarv copper multiplied by the car-hours per section, and 
the mean square current per car. The annual cost of the 
secondary copper was taken at 6% to cover interest and cost 
of reclaiming. The secondary copper was proportioned by 
Kelvin’s law, for each arrangement of sub-stations as follows: 
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2 000 X car-hr.per vear X res. per mile copper X length section X cost kw-hr 
4 000 


wgt. mil-mile X res. mil-mile X length section x 15 х 6 


Res. per mile copper X 10 000 


0.95 
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The annual loss in the secondary conductors and tracks was 
computed in the same way. The annual loss in the sub-station 
apparatus is the difference between the total input and out- 
put. In computing the cost of these losses the cost of 
power at the sub-station alternating-current bus-bar should be 
used. 

Cost of Sub-stations.— The cost of sub-station buildings and 
land was taken at $2000 each. Switchboards and wiring 
were estimated at $2 500 per sub-station. The nearest com- 
mercial sizes of synchronous converters and transformers were 
used in estimating the cost of sub-station equipments, at 
prices varving from $21 per kw. for 500 kw. to $38 per kw. 
for 250 kw. 

Table I. and Fig. I. show the results of this computation, 
with a minimum operating expense at three sub-stations, 
spaced 24 miles apart and secondary copper, 746 000 cir. mils.. 
which is evidently impossible to operate without the use of 
boosters in the sub-stations. 

Table II. and Fig. II. show the results of recomputing the 
same problem with the secondary copper proportioned to per- 
mit a maximum drop of 300 volts in line and track, about the 
worst condition in which operation is practicable. 

It is apparent then that economv of operation is usuallv 
sacrificed to regulation. 
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Discussion ох “ THE NATIONAL BUREAU OF STANDARDS," AND 
“А TESTING LABORATORY IN PRACTICAL OPERATION," AT 
NEW YorkK, NOVEMBER 24, 1905. 

(Subject to final revision far the Transactions.) 

Е. B. Crocker: The INSTITUTE has done much commendable’ 
work in encouraging standardization, but it has remained for 
the Government to do something even more important by giving 
to the public the standards of weights and measures needed 
in the industries. 

The matter of international standardization is very important. 
As a profession, I think we have reason for congratulating 
ourselves that it is much more advanced in the electrical in- 
dustries than in other engineering industries, or, for that matter, 
in any other branch of human interest. This is so because 
the electrical units are international, and have been so since 
the Chicago Congress of 1893. 

The matter of standardizing electrical machinery, while 
fairly well established in this country, is in some respects un- 
settled even here. There is very little international stand- 
ardization of electrical machinery, but I think the time, has 
come when even that wil be attempted. At St. Louis the 
International Electrical Congress passed resolutions favorable 
to international standardization of electrical apparatus. 

I think that uniform practice 1s an excellent phrase bv which 
to designate all of the efforts to bring about uniformity in all 
branches of applied science. The mechanical engineers, for 
example, are responsible for uniformitv in steam-engine prac- 
tice; electrical engineers for electrical generator practice; and 
in the matter of direct-connected units the responsibilities for 
standardizing are shared alike by both professions. Such 
standardization is actually accepted to-day, and I think that 
it will reach even further. 

As a representative of the Committee on Standardization of 
the INSTITUTE, I heartily endorse the work that has been de- 
scribed here to-night; work by the Government, powerful in 
its influence, which can accomplish a a great deal; and work bv 
the various standardization interests, both of which are pro- 
ducing such excellent results. 

W. E. Goldsborough: Several vears ago, when the matter 
of the formation of a National Bureau of "Standards was being 
agitated, I felt that laboratories throughout the country, and 
also manufacturing plants, were in great need of a proper 
standardizing bureau to which to refer instruments neeoing 
adjustment and accurate calibration, and to which could also 
be referred matters in doubt relating to important scientific 
or engineering constants and other data. Since the appropria- 
tions for establishing the Bureau of Standards were passed by 
Congress a great deal of work has been done to mect all of the 
demands I have enumerated, and many more. 

1 visited the site of the new laboratories of the National 
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Bureau about a vear and a half ago; and was much impressed 
with its possibilities as a permanent home for an institution of 
this character. 

To mv mind it is essential that there should be in the United 
States a court of last resort to determine and regulate units 
and standards of measurement. Heretofore such work has been 
restricted to a few educational. or commercial, laboratories, 
which have, to a large extent, been obliged to develop their 
own methods and make their own standards; and none of them 
possessing a corps of men devoting their time exclusivelv to 
refined work of the character now carried on bv the Bureau 
of Standards. 

Undoubtedly, with the aid given to electrical engineers bv 
the bureau, much more rapid progress can be made in all 
branches of commercial electrical development than has hith- 
crto been possible. 

l have been in many finely equipped laboratories, and have 
seen many enthusiastic men working with refined instruments; 
but I do not know of any place in which will be found more 
ideal conditions for scientific work or a more enthusiastic 
body of men at work than in the National Bureau of Standards. 

C. O. Mailloux: I visited, last year, the laboratories of the 
Reichsanstalt, at Charlottenburg, and also, verv soon after, 
those of the National Bureau of Standards, at Washington. 
The laboratories at Washington were far from being in completed 
form; but 1 felt, even then, that the Bureau of Standards was 
already ahead of the best establishments of the same character 
in Germany or elsewhere. 

George F. Sever: Some vears ago Professor Crocker read a 
paper before the Harvard Engineering Societv, on the accuracy 
of electrical engineering. In that paper was embodied prac- 
tically all the ideas that the National Bureau of Standards 
and the Electrical Testing Laboratories have evolved; that is 
to sav, the electrical engineering profession is so exact in everv 
detail that it can, by means of these standardization laboratories, 
obtain results that are practically a dead lift with other pro- 
fessions. 

The Electrical Testing Laboratories are extremely beneficial to 
the electrical testing laboratories of the universities. In the 
old days the electrical and physical laboratories of the various 
universities did the work that is now done by the two in- 
stitutions represented here to-night. much less satisfactorily 
than they conduct it. In those days one university had a 
certain set of standards; other universities had, in turn, other 
sets of standards. There was no means whatsoever of stand- 
ardizing the standards; for the professors of electrical engineer- 
ing and the professors of physics in the various. universities 
were unable to coéperate at that time. 

University teachers most heartily welcome the establishment 
of the Bureau af Standards and the Electrical Testing Labo- 
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ratories. The latter have relieved Columbia University of а 
lot of commercial work that often completely disorganized 
and impaired the success of teaching, by taking time and 
equipment and interfering with the training of students under 
a purely academic standard. In university electrical labo- 
ratories, apparatus must be adapted for many different kinds of 
tests; 16 cannot be maintained for some one particular line of 
work, requiring the same process over and over again, as the 
financial facilities and the personnel are limited as compared 
with the conditions in a commercial testing company. The 
charges for similar work are usuallv larger than those made 
by a commercial laboratory. 

All things considered, then, the establishment of the Elec- 
trical Testing Laboratories in this city is of great advantage 
not опу to the universities, but to the engineering profession 
as well. 

С. A. Doremus: To the chemist, the knowledge that his 
volumetric apparatus is of standard type is of the greatest 
importance. Accurate measures are needed as much as accu- 
rate weights. If I am correctly informed, the Act which 
legalized the U. S. gallon does not mention the tempcrature 
at which the volume of water shall be measured, This spells 
confusion. 

Heretofore we have had to depend on the бейтап government 
for our standard volumetric apparatus. We now may go 
directly to the Bureau of Standards. 

Dr. Stratton confirms the importance of this burcau to the 
chemist when he says: “ Scarcely a problem can be taken 
up concerning the construction of standards, or properties of 
materials, that does not involve chemical preparations, chem- 
ical analysis, or the coöperation and advice of expert chemists.” 
This statement, together with the fact that one of the heads of 
department is a chemist, shows how intimate a relation exists 
between the burcau and chemistry. 

One of the most important functions of "ie bureau is the 
standardization of polariscopic apparatus. This apparatus 1s 
used in assessing the dutv on sugar, one of the chief sources 
of revenue of the Government. The Government must know 
that the polariscopes at New York, Boston, and New Orleans, 
all indicate the same percentage of sugar in the same sample. 

Pure chemicals are essential in the testing of materials such 
as steel, copper, etc. The chemical manufacturer 15 beginning 
to recognize the value of producing chemicals of standard qual- 
ity. They need not always be absolutely pure. Indeed, im- 
purity may be acquired from a container; but it is necessary 
for the chemist to know whether a particular chemical 15 con- 
taminated, and to what extent. It is this ileal condition 
which the chemical manufacturer is trving to bring about, 
and the bureau will greatlv facilitate his efforts. 

The electrochemist will also look to the bureau for important 


^56 NATIONAL BUREAU OF STANDARDS. [Nov. 24 


information. If it has been found available to enter the field 
of research of low temperatures, it will not be long before 
experimental work at high temperatures will become a matter 
of routine in the bureau. 

William McClellan: A comparison of old foreign catalogues 
of instruments with catalogues of American instruments shows 
a great difference in the kind of instrument listed. The makers 
across the water, even now, are producing instruments which 
enable the phvsicist to start his most advanced work at first 
principles. The American maker has ceased to do this, or rather 
never began making this sort of instrument, but is willing to 
leave standardizing to the proper bureau. Measuring-instru- 
ments of all kinds can now be standardized at Washington, 
and with more despatch and accuracy than in an ordinary 
laboratory, and much of the drudgery and inaccuracy of former 
methods of experimental work avoided. One recalls the 
difficulties Professor Rowland had with his preliminarv work 
in connection with the mechanical equivalent of heat, in order 
to be sure of his thermometers. Most of us would now avoid 
such troubles by applying to the Bureau of Standards. Few 
physicists have the time or the ability to make their own ohms 
and volts, and would rather leave it to the bureau. 

The standardization of machinery referred to by Protessor 
Crocker, should enlist the interest of every engineer. But to 
insist too much on this would stifle proper experimenting and 
improvement. The exploiting of apparatus modified for com- 
mercial reasons 15 responsible for much of the variety existing, 
but this has not prevented the manufacturers from standardiz- 
ing in some particulars. A more common cause of trouble is 
the whim of an engincer which introduces a slight change with 
little or no compensating advantage. This can only be pre- 
vented bv rational conservatism. 

These two papers suggest the question as to where the activi- 
tics of the two organizations should be divided. At this point 
it would be interesting to hear from the Director of the Na- 
tional Bureau as to just how far the Bureau can go in the matter 
of making commercial tests— where the Government does or 
would prevent anvthing further in this line. It would be 
interesting, too, to know what classes of people have patronized 
the bureau at Washington. | 

S. W. Stratton: This question arises in connection. with 
nearly everv phase of work done bv the bureau. For ex- 
ample, in the matter of weights and measures the line drawn 
between fundamental standards and local standards is sharp; 
however, we hope to bring about relations between the state 
and city sealers of weights and measures which will give the 
bureau control of their working standards. Bv associating 
ourselves with the sealers thev will be instructed in the va- 
rious methods, without interfering with the routine testing of 
commercial weights and measures. There is hardly a section 
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of the bureau’s activities which can be separated from routine 
testing. 

In photometry the policy of the bureau has been to do com- 
mercial testing for the departments of the Government, and for 
the public in cases where an authoritative test is required. 

It 15 absolutely necessary for those who are solving problems 
in connection with photometric standards to keep in touch 
with commercial testing. In fact, the bureau is frequently 
called upon to instruct individuals and officials in the methods 
of such testing, just as it offers to city officials and others 
every opportunity for instruction in matters pertaining to the 
testing of commercial weights and measures. Here again, in 
order that the experts of the bureau may be thoroughly familiar 
with the practical side of the problem, a certain amount of this 
commercial testing is done for the departments of the Govern- 
ment, and for the public when no local facilities are provided. 
Work was done by the bureau last vear for many educational 
institutions of importance, for instrument makers, and many 
commercial firms. 

John W. Lieb, Jr.: We Americans are apt to be taken to 
task for our utilitarian spirit, but this institution affords good 
evidence that the nation has arrived at a point where it appre- 
ciates the importance of experimental research, scientific in- 
vestigation, and correct standards of weights and measures. 
I believe that the National Bureau of Standards at Washington 
is likely to play a very important part in enlisting the sympathy 
and coöperation of the manufacturing industries in this country 
toward bringing about that great desideratum, the universal 
adoption of the metric system. | 

Е. В. Rosa: The National Bureau of Standards is not com- 
pletely developed, not by a good deal, but it is well started. 
Recalling that the Reichanstalt has cost more than $1 000 000 
for the grounds, building, and equipment, and that there 
is an institution for the testing of weights and measures quite 
distinct from the Reichanstalt, called the Normal Aichungs 
Kommission, and that there is still another institution for the 
testing of engineering instruments and materials, it will be 
appreciated that the Government has not made such a very 
bad beginning. The three German institutions represent an 
equipment cost of $1 500 000; taking into account the greater 
cost of labor and material in this country, the plants could not 
be duplicated here for less than $2000000. The total cost 
of the equipment of the National Bureau of Standards is, to 
date, not more than $600 000. This expenditure represents 
about one-third of the amount expended by the Germans for 
this kind of work, and therefore allowance should be made if 
in the matter of equipment the National Bureau of Standards 
does not contain all that is found in the German institutions. 
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DISCUSSION ON ' WATER-POWER OF THE SOUTHEASTERN AP- 
PALACHIAN REGION. AT ASHEVILLE CONVENTION, JUNE 22, 
1905. 

(Subject to final revision for the Transactions.) 

Cart Hering: The papers and discussions at this session 
have shown us the great value of water power development in 
this region and I therefore think the present a very good oc- 
casion for the INSTITUTE to consider the following resolution: 

Whereas, the destruction of the forest growth on the water- 
sheds and the consequent impairment of the natural storage 
capacity promises to injure seriously the water power possi- 
bilities of the streams finding their sources therein; and 

Whereas, the AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS recognizes the serious loss to the electrical interests of 
the community which might result therefrom; therefore 

Be it Resolved, that it is the opinion of the AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS that all practicable means 
should be adopted for the preservation to all such locations, 
of the integrity of their natural resources for the development 
of their territory. 

And further, Be tt Resolved, that a committee be appointed 
by the President for the collection of information concerning 
this matter. And a recommendation to the INSTITUTE of such 
action for the dissemination of intormation concerning the 
attitude of the INSTITUTE on this subject as may seem 
desirable. 

Е. A. C. PERRINE: I second the motion. 

PRESIDENT LiEB: You have heard the motion; it is now 
before you for discussion. 

Е. A..C. PERRINE: This is an exceedingly serious matter, 
not only for this region, but for all parts of the country; 
not only on account of the destruction of our forests, 
and its influence on our power streams, but on account of the 
futility of the methods that have been used by our govern- 
ment, and the Department of Agriculture as representing that 
government, for the preservation of such interests. The diffi- 
culty due to the destruction of our forests, and all our 
other natural resources dependent thereon, is fundamental 
and requires broad treatment. The only solution that has 
been offered by our government is a very feeble attempt 
at the establishment of small territories in which it is sup- 
posed that no indiscriminate wood cutting can be carried 
on. But all of these territories are, in spite of the fact 
that they are established as forest reserves, laid open 
to the danger from forest fires, which is far worse than the 
direct danger from the lumberman. It is an incidental danger 
to lumbering. and the fact that our government allows such 
injudicious methods of lumbering as to leave the whole 
country cut over subject to danger from forest fires is a 
disgrace not only to our national Department of Agriculture, 
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but to the government of every state in the Union. If 
this resolution should be transmitted to the Department of 
Agriculture, it ought equally well to be transmitted to the 
legislature of every state in the United States; for it 1s absurd 
that the jurisdiction over the lands which are not excepted as 
forest reserves should remain under the states which will allow 
conditions resulting in forest fires able to spread to and to de- 
stroy the infinitesimal reservations separated out for federal 
control. The whole question, is one of the utmost im- 
portance not only to the water power resources of our 
country, but to the development of many of our other resources. 
We are destroying one of the greatest of our natural sources 
of wealth without any adequate compensation and without 
any protection for it. | 

I think that the Institute should go on record at this 
time as protesting against this condition. I do not think 
that the INsTiTUTE should by implication indorse the methods 
that have been used, but in a dignified way should call atten- 
tion to the fact to all people, not only to the federal govern- 
ment, but to the state authorities and to individuals, that we 
are ruthlessly destroying these natural resources, and such 
methods as are being uscd at present are inadequate for their 
proper protection. 

PRESIDENT LikB: Under the original motion no further 
action would result, excepting that possibly communities and 
localities, in pressing their own case, might use the INsTITUTE’S 
resolution in calling the attention of the authorities, either 
State or National, to the matter. 

Gano S. Dunn: [arise to indorse those resolutions and t o say 
that we have had a larger convention than this and we have 
had conventions differently located, but I know that this one 
wil go down in the history of the INSTITUTE conspicuous for 
the warmth of good feeling and hospitality with which we 
have been surrounded. 

We have met here and been entertained bv the corporations 
and individuals whose names have been read in a wav that has 
shown the genuine pleasure they have taken in doing it. It 
is but little that we can do in thanking them, but I am sure 
in seconding these resolutions and in giving mv own personal 
thanks to the committee and to the others, I am but poorly 
expressing what is in the mind of evervone. We shall go back 
feeling that we have left many friends in the South and that 
now traditional Southern hospitality means an altogether new 
thing to us. 

I wish to offer an amendment to the original resolution, 
following right on with the clauses that Mr. Hering read, 
the clause to the effect that a committee be appointed to see 
to the proper dissemination of this resolution. 

Сав Herne: I accept the amendment as an original 
proposer. 
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F. A. C. PERRINE: I accept the amendment as seconder. 

Motion to adopt the resolutions as amended put to vote and 
unanimously carried. 

[The amendment appears as the last clause in the preceding 
resolutions]. 


A paper to be presented at the 23d Annual Conven- 
tion of the American Institute of Electrical 
Engineers, June, 1906. 


Copyright 1906. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


REPULSION INDUCTION MOTOR. 


BY MAURICE MILCH. 


Of late the attention of electrical engineers has been fre- 
quently called to types of single-phase commutator motors 
combining the good characteristics of a repulsion motor at 
starting with the characteristics of a single-phase induction 
motor near synchronism; the idea being to produce a motor 
with good starting torque and limited speed, such as would 
be preeminently suited for tool, elevator, and similar work. 
In all these cases the combination mentioned has been brought 
about by a mechanical change, either gradual or sudden, in 
the armature circuits, this change being effected either by 
hand or by automatically operating centrifugal devices; in 
short, by means not inherent to the motor. 

As a result of a study of the effect of differently distributed 
ampere-turns upon the action of the repulsion motor, some 
years ago the writer proposed a new type of motor in which 
starting characteristics similar to those of a repulsion motor 
were inherently combined with the near.svnchronous load 
characteristics of an induction motor. 

In the following pages an attempt will be made to explain 
the action of this motor, supplementing the explanation with 
characteristic curves obtained from tests on motors built for 
commercial purposes. 

1. 

In order to facilitate the description of the apparatus, we 
shall first briefly consider the more or less known elements 
whose combined action makes for its success. These elements 
are: 1, the repulsion motor; 2, the commutator induction 


motor. 
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Fig. 1 represents the repulsion motor, and Fig. 2 the com- 
mutator induction motor. Both Figs. are self-explanatory 
and are simply referred to in Figs. 3 and 4. 

Fig. 3 is the working diagram of the repulsion motor. In 
it Z, represents the current and armature reaction of the pri- 
mary member, supposed to be wound with a sinusoidally dis- 
tributed winding; /,, the current and armature reaction in the 
secondary member, (also supposed to be wound sinusoidally), 
the winding of which is short circuited by brushes a a displaced 
by the angle « from the reaction axis of the primary member. 
The vector combination— being allowed bv the supposition of 


Fic. 1. Fic. 2. 


a sinusoidal distribution of the ampere-turns in both the pri- 
mary and the secondary members—of both currents and re- 
actions gives the resultant armature reaction, and сопѕе- 
quently magnetic field, Z} The action of this resultant field 
upon the secondary armature reaction produces a torque 
which creates a tendency in the motor to run away, similar to 
the direct-current series motor, as the torque-producing field 
is substantially proportional to the armature current. 

Fig. 4 is the working diagram of the commutator induction 
motor; аа are the primary terminals, b b are the brushes of 
the secondary " епегру " circuit—in line with the primary 
and cc represents brushes of the secondary “ com- 


circuit 
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pensating " circuit, displaced by 90 electrical degrees from 
the energy circuit. All circuits are supposed to be wound 
sinusoidally and to be without leakage. | 

It is to be seen at a glance that in contradistinction to the 
repulsion motor, this motor does not possess any starting 
torque whatever. For even if bb were displaced from aa, ' 
any sine-shaped field component perpendicular upon the energy 
circuit is completely damped out and annihilated by the com- 
pensating circuit c c which is short circuited upon itself and 
does not contain counter electromotive forces when at rest. 


Fic. 3. Fic. 4. 


.As soon, however, as the motor is set into motion a torque 
appears which first gradually increases and then decreases as 
the motor approaches synchronism, as may be seen from the 
following considerations: 

Imagine, first, brushes b b open circuited, and the armature 
driven at synchronous speed, while an electromotive force. £,, 
Fig. 5, is impressed upon the primary terminals a a. This 
electromotive force creates a field Ф, in the direction of the 
primary: circuit a а which lags by 90? behind £,, and which by 
cutting the conductors of circuit cc, creates an electromotive 
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force E, (in size equal to £,), this in turn being in phase with 6,. 
As this electromotive force is short circuited upon the exciting im- 
pedance of circuit c c, a field 6, is created by this circuit equal 
in size to, but displaced by 90?, in time and space, from 6,. 
Ф, and @,, therefore, produce a revolving field at synchronous 
speed. Ф,, by cutting the conductors of circuit b b, creates 
therein an electromotive force E, equal in magnitude and phase 
to E, or equal and opposite to the electromotive force E,', 
induced between b b by the fluctuation of @,, Е, and E,', there- 
fore, cancel each other at synchronism, and b b may be short 
circuited without producing any current in this circuit. Below 
svnchronism, however, E,— E,' is negative, and consequently 


£,» 5 


£4 
$, 


Fic. 5. 


a negative—motor—current will flow through 006; above 
synchronism £,— E,’ becomes positive, and a generator 
current—breaking—flows through bb. The motor, therefore, 
will behave like an ordinary induction motor. This description 
will hold good for the case that the secondary brush system 
is displaced from the primary axis of symmetry, as may be 
easily verified. 

It wil be seen, too, that the remarks on the commutator 
induction motor are also valid for the case of a non-sinusoidal 
distribution of ampere-turns along the gap, as long as they 
are distributed symmetrically around the primary axis; that 
is, as long as there is no brush displacement. 
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II. 

Having described the two elements of the apparatus, it will 
now be shown that by simply choosing a particular distribution 
of ampere-turns along the gap of the motor, both elements 
can be combined in one apparatus. 

Let Fig. 6 represent a 4-pole repulsion motor, whose arma- 
ture is supposed to be of the Gramme type. Similarly, let 
Fig. 7 represent a 2-pole commutator induction motor, also 
equipped with a Gramme armature. In both figures the arrows 
represent the respective signs of the ampere-turns. If now 
the two armatures are rigidly coupled together and at:the 
same time the primary members of both motors are connected 
in series, a combination is obtained that, due to its repulsion 
motor element, possesses a good starting torque and, due to 


its induction motor element, some of the load characteristics 
of such a motor near synchronous speed. For, when starting, 
the induction element will merely represent an impedance in 
series with the repulsion motor without adding any torque 
to the combination. With increasing speed, however, as has 
been seen, the impedance of the induction motor element rap- 
idly increases, and consequently it will gradually drain the 
line voltage of the combination into its own circuits, thereby 
impressing upon the combination its own characteristics more 
and more as synchronism is approached. 

It was shown that the induction motor element does not 
possess any torque at synchronous speed. At this speed, 
however, the repulsion motor carries the magnetizing current 
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of the commutator induction motor connected in series with 
it and, due to its consequent torque, drives the induction 
motor above synchronism up to a speed where the positive 
torque of the repulsion motor and the negative (generator) 
torque of the commutator induction motor balance each other. 
This speed, then, will be the limiting speed of the combination, 
and it will act as a motor below this speed and as a generator 
above it. 

Instead of producing this effect by two separate structures, 
both elements тау be blended into .one. For this purpose 
the same armature 15 used—as the armatures are identical 
in both elements --and both primary windings are wound into the 
same slots above each other, Fig. S. As seen in Fig. 8, equal 


A 


Ес. 8. Fic. 9. 


and opposite current elements will then appear in some sec- 
tions of both primary windings, thereby cancelling the ettect 
of these sections and making them superfluous. Thus the ar- 
rangement shown in Fig. 9 will obviously be of the same effect 
as that of Fig. S. 

By a peculiar distribution of ampere-turns, an arrangement 
is now produced that possesses all the characteristics claimed 
for the repulsion induction motor—the significance of which 
term will now be apparent—at the outset of this paper, al- 
though owing to its peculiar mechanical makeup and its com- 
paratively poor copper ейїстепсу it will be merely of theoretical 
interest. 

The principle of combining such elements naturally allows 
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of quite a number of variations; as it is not worth while to 
discuss these in detail, only one case will be considered—a 
case of immediate practical importance, and which allows of a 
solution of the problem in an electrically as well as mechanically 
efficient way. 

Imagine the periphery of a motor both in the primary and 
the secondary member wound with a sinusoidally distributed 
2-pole winding. Fig. 10 shows this winding developed on a 
plane. Over this winding let there be wound a second winding 
of sinusoidal distribution, but of Зх 2 poles, Fig. 11, and then 
another of 5x 2 poles, etc., with decreasing amplitude of the 
distribution of conductors per unit length in the ratio of 1 for 
the 2-pole winding, 1/3 for the 6-pole winding, 1/5 for the 
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10-pole winding, etc. If all these windings are now connected 
in series there is obtained a winding which is equivalent to à 
2-pole winding uniformly distributed over the circumference 
of the motor, as may be seen from the following consideration: 

Let a be the pitch of the 2-pole winding, and x any length 
taken from the beginning of the 2-pole winding as shown in 
Fig. 11. Then, according to supposition, the number of con- 
ductors per unit length, y, at any point, x, will be 


T A л De we 
=> амин — Ф — X "ap — X 
y = sin at 3 In 3 45 + = sind — + 


This, however, according to Fourier, is equivalent to a recti- 
linear distribution of conductors whose number per unit length 
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. —ií 1 be the maximum number of conductors per unit length 
of the 2-pole sinusoidal winding—will be B This, then, will 
be equivalent to any ordinary full-pitch winding in practical 
use to-day. Hence by winding the primary member with any 
full-pitch distributed winding and the secondary member 
with any full-pitch drum winding this will satisfactorily answer 
the conditions. And if the motor be provided with two sets 
of brushes, each set standing nearly perpendicularly upon the 
other, this combination will be a similar in principle to the 
simple, but impractical, combination of a 2-pole induction, 
with a 4-pole repulsion motor as discussed above. The 2-pole 
sinusoidal windings of both primary and secondary member 
wil then correspond to the commutator induction motor, 


Fic. 11. 


whereas of the 6-pole, 10-pole, etc., windings each will be the 
repulsion motor element connected in series with the 2-pole 
commutator induction motor. 

We now have obtained a motor which, with a simple full- 
pitch winding uniformly distributed over the circumference of 
the primary and the secondary members, will possess a good 
starting torque and a limiting speed. somewhat above svn- 
chronism. 

The description and explanation of Fig. 5 was made on the 
assumption of an ideal motor without internal impedance 
drop in its windings. In an actual motor the electromotive 
forces as shown in Fig. 5 will not balance each other so exactly, 
owing to leakage and resistance in the circuits. Hence the 
balancing of the electromotive forces will not be brought about 
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by the prospective fields alone, and therefore, Ф, will be greater 
than @,, unless the electromotive force E, be helped out by an 
additional electromotive force impressed by external means 
upon the compensating circuit, as has been proposed by Mr. 
Marius Latour. By a proper application of this auxihary 
electromotive force, the motor may be so over-excited that it 
takes leading current from the line. 

In the following considerations it wil be assumed that a 
small auxiliary electromotive force is impressed upon the com- 
pensating circuit, this being the more general case. By making 
the impedance of the compensating circuit of suitable size, 
and different from the impedance of the energy circuit, it will 
be observed that an additional element enters into the method 
of operation of the motor. For it is clear that should the 
impedance of the compensating circuit become infinite, the 


Fie. 12. 


motor would be reduced to a repulsion motor pure and simple. 
Thus by varying the magnitude of this impedance, the speed- 
torque characteristic of the motor may be varied at will, and 
it is to be seen that then a torque due to the 2-pole winding 
or fundamental harmonic will appear and become more and 
more prominent as the impedance increases. 


III. 

A quantative analysis may now be made of the effects of a 
uniform distribution of ampere-turns upon the action of the 
motor. This analysis will be restricted to the conditions pre- 
vailing at starting, this being the most interesting point in 
question. 

Imagine that according to Fourier's law we have decomposed 


* 
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the 2n polar uniformly distributed windings of both the pri- 
mary and secondary members of a motor into the 2n polar, 
би polar, 10n polar, etc.. sinusoidally distributed windings 
discussed above and that all these windings are connected in 
series in each individual member. Assume further that both 
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primary and secondary members carry the same number of turns. 
Referring to Fig. 13, let: 
Primary impressed electromotive force = Е 
Electromotive force impressed upon compensating circuit = E, 
Primary self-inductive impedance = Z, = т, – ј x, 
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Self-inductive impedance of secondary energy circuit = Z, 
ESQ. 

. Self-inductive impedance of secondary compensating circuit 
= Z; = Ty—J X, 

Mutual. inductive impedance of actual, uniformly distributed 
winding = Z, = —] х, 

Mutual inductive impedance of the 2 n, би, 10 n, etc., polar, 
sinusoidally distributed, windings corresponding to the first, 
third, fifth, etc., harmonics of the Fourier series = Zi = — Ј х; 
Zum = — ј Xm; Zv = — f Xv, etc. 

Current in primary member = 7, = г, +] i," 

Current in energy circuit of secondary member = Г, = 1, 
dpa 

Current in compensating circuit of secondary member = 7, 
= 1,/+] 1,” | 

By a simple calculation, as shown in the appendix, it is 
found that the mutual inductive impedances corresponding to 
the different harmonics are interconnected bv the following 
relations: | 


О 2 " 
A17 Ho Za = AR Za Али = ae Ly = = 


TT Zo; etc 
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The conditions in all three circuits to be satisfied are that 
the sum of all the electromotive forces be zero for each circuit. 
Hence for the primary circuit in vector notation 


(D Fy =7,(2,4+2:4+2Zm4+Zv+ ...) — HF, (Zicos a t Zu 
cos3a@+...)—-I1,(Z:sina—Zmsin3sa+Zvysinda—... ) 
Similarly for the energy circuit of secondary member: 
(2) I, (7,4+4:4+2Z2m+Zv+ ... )— L, (Zicos at Zmcos3a« 
+...)=0 
And for the compensating circuit: 
(3) I, (Z,4+2:1¢Zmt+Zvt+ ... )—-1,(Zsna— Zu sin 3 а 
+Zy,sin5a— ...)+Е, = 0 | 
Bv definition: 7;4+Zin+Z.+ ...= Z4 


Furthermore: 
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2, соза +2 соз За + 2; соѕба+ ... = 2, К (cosa 


cos3 a cosaa 
3 =ч a) 


Z,sina—Zmsin3a+Zysinda—...=2,K (sina — 


sm3aæa sina 
| 34 (55 — 


п == У) 


cos (2 п – 1) а 
Substitute A = R (2 n— 1) 


n=] 


н cx 


а sin(2n—1) а 
В = Ro n- 


n=l] 


into 1, 2, and 3, we get: 


(4) Eo qon В 
(5) Dor up e 
(6) I, (Z,*Z)—I,Z, B«E, = 
Непсе: 
2, 
(7) = А у 
(8) І, = Г, В й, = Р. 


Inserting 7 and 8 into + we get: 
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E =I, (2.+2,- Ее 


) = ве, 
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or, denoting 
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we get: 
РА 
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Adopting Mr. Steinmetz’s convenient expression of '' torque 
in synchronous watts," synchronous speed is defined as 
the speed corresponding to the fundamental harmonic; that 15, 
the speed of a 2m polar synchronous motor. In this same 
sense the actual synchronous speeds corresponding to the 
windings of the third, fifth, etc., harmonic will be called 1/3 
synchronous, 1/5 synchronous, etc., speeds. 

As the magnetic reluctance of the paths of mutual induction 
is supposed to be the same in all directions, it is obvious that 
visible torque effects will be produced between such magneto- 
motive forces only as are mechanically separated by the air- 
gap in addition to being perpendicular upon each other. 

Accordingly, these active magnetomotive forces are decom- 
posed into components perpendicular upon each other; con- 
sidering them separately, the following relations are obtained: 

Torque due to mutual action of magnetomotive forces T, 
and 7, sin a of the fundamental harmonic in synchronous watts 


= Xi (1,/1,’ sin ac i," 1,” sin a) 
Torque due to mutual action of magnetomotive forces 7, 


and J, cos а of the fundamental harmonic in synchronous watts 


= — x, (1,/ 1,’ cos att,” 1,” cos a) 
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Hence total torque corresponding to the action of the first 
harmonic in synchronous watts = 


(12) = m[Qt, i +i” 1,”) sin a — (1 0 +1," 1,7) cosa] 

Torque due to mutual action of magnetomotive forces J, 
and (/,sina@+J,) of the third harmonic in 1/3 synchronous 
watts: 

= Xm [t,’ (i, sin 3 a+15’) +7,” (1,7 sin 3 wt 1,4”)] 

Torque due to mutual action of magnetomotive forces J, 
and (Г, соѕ а —– Г.) of the third harmonic in 1/3 svnchronous 
watts: 

= Xu [5' (1, cos 3a — 1,') +1,” (1," cos 3 a — 1")] 

Hence total torque due to action of third harmonic in syn- 

chronous watts 


(13) = З xin [0,7 1,’ +2,” 2,7) sin 3. a+ (i 1,’ +1,” 1,7) cos 3 a] 
Torque due to mutual action of magnetomotive forces J, 
and (/,sinda@—Z,) of the fifth harmonic in 1/5 synchronous 
watts: 
xy [i (1^ епоса — ig) +1,” (1,” sin 5a — 1,”)] 
Torque due to mutual action of maynetomotive forces I, 


and (/,cos 5 a — /,) of the fifth harmonic in 1/5 svnchronous 
watts: 
= — ху [5 (1 cos 5 @ = 1) +7,” (17 cos oa — 1")] 
Hence total torque due to action of fifth harmonic in svn- 
chronous watts: 
(13) = 5xv[G,' i +i” 1,”) sin 5 aw (i i +14” 1,7) cos 5 a] 


In a similar way the torque action of the still higher harmonics 
may be calculated and we obtain for the total torque in svn- 
chronous watts: 


T = (i hti i) [лпа +З хш зш За + 5avsinda + ..] 
— (nu 1,’ +1,” 1) [сока — 3 Ym CoS За +5 ху COSHA—...] 


Or, since: 


inst Is MEN © 
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we have for the resulting torque in svnchronous watts: 


is sin (25 — 1) а 
(15) T —xKR & 1,1,7 1,”). = EE 


n=l 


п = Уу 
f cos 2n— l)a 
— (i, 1,’ Hi” 1) I - on ssc | 


nzl 


IV. 

In order to bring out the relative importance of the indi- 
vidual terms in the expression for the torque and also to test 
their correctness by experiment, the curves shown in Fig. 13 
have been calculated for a motor of the following constants: 

E, = 110 volts. 


xı = 0.935 | r, = 0.26 

Y, = 0.935 f, = 0.585 
Y, = 1.255 r, = 0.81 

Xo = 36 


The calculation has been carried out to the fifth harmonic 
only, as values obtained from the seventh harmonic are negli- 
gibly small, and as the character of the individual terms is 
elucidated well enough by the three component curves. 

The curves represent calculated values, whereas the few 
points plotted were obtained from tests made by the prony 
brake. Each point plotted is the average of at least five read- 
ings. It will be seen that values obtained by test and cal- 
culation check fairly well, thereby proving also that harmonics 
above the fifth may be safely neglected. 

Obviously, the higher the saturation in an individual case 
the more the results of calculation will differ from values ob- 
tained by test, as saturation tends to suppress the action of 
the higher harmonics. 

In Fig. 14 are shown the speed-torque characteristics of a 
о h.p. 60-cvcle motor that were obtained from test. As seen, 
the maximum torque in this case occurs at starting and gradu- 
ally diminishes, falling to zero a few per cent. above synchron- 
ism. The values obtained for torque per kilovolt-ampere ‘show 
that the motor is in this respect fully equivalent to a good 
polyphase induction motor with resistance regulation. 


\ 
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Fig. 15 shows results of a brake test of the same motor. 
The performance of the motor, according to these curves, 
compares very favorably with any other single-phase motor of 
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this size, and at the same time points out very forcibly the 
commercial possibilities of the motor. 

Objection may be made to the large slip at full load; but 
considering the application of this motor it would appear that 
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this question is of very little importance in most cases. Should 
closer speed regulation be required in a particular case, a por- 
tion of the primary winding may be cut out at full speed so 
as to make the axis of the primary member practically coincide 
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with that of the energy circuit." The slip will then be reduced 
to about three or four per cent. 

In order to give an idea of how,the performance of the motor 
changes as its size decreases, in Fig. 15 are shown characteristics 
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of a 0.5-h.p., 60-cvcle motor obtained from a brake test. The 
curves speak for themselves. 

The commutation of both motors, in fact of all motors 
of the type built so far, comparesfquite well with that of 
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corresponding direct-current motors, and endurance tests have 
also shown that the commutator does not require more care. 

The reason of the particularly good commutation of a motor 
of this type is apparent, as it is obvious that only a fraction 
of the torque-producing fields will be embraced by the coil 
that is short circuited under the brush. 
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For those further interested in the subject the writer takes 
the pleasure of referring to an interesting article by Mr. Seijiro 
Sugiyama,* who, working independently of the writer, estab- 
lishes a similar theory with somewhat different results. 


APPENDIX. 


l. Exciting impedance of a winding with rectilinear distri- 
bution. Referring to Fig. 17, let 

B, = maximum induction per square inch. 

Z, = number of effective conductors per inch 

C, = 4.44 x cycles x 10-8 


C, = a constant depending upon the magnetic reluctance 
a = pole-pitch i 
Фф. = flux per inch length of core 
1, = exciting current 
B, = density at any particular point x 
exciting impedance per pole 
Then, the electromotive force induced in the winding per 
pole and inch length will be: 


= 
| 


*Elecirscal World and Engineer, November 5th, 1904. 
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a 


g 
E, = с, f Фф. п 
0 


д. В, + В, | a _ 2 >) 
where Ф. = (a— 2 х) aL в (> EL 
and n=Z,dx 

2 
Hence: E = = Bi ZC, 


We have also: B=C,2Z,a1, 


Hence, we have for the exciting impedance: 


Е : аз 
Аас E 


УА, 

2. Exciting impedance of a sinusoidally distributed winding. 
Referring to Fig. 18, let 

B, = maximum density per square inch 

Z, = number of maximum effective conductors per inch 
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М 
У 
| 


number of effective conductors per inch at апу рат- 
ticular point 

С, = 4.44 x cycles x 10° 

C, = constant, depending upon the reluctance of the motor 


only 
a = pole-pitch 
Ф„ = flux per inch length of core 
1, = exciting current 
X, = exciting impedance 
n= Z dx 
Then, electromotive force per pole: 
d 
E, = С, | On 
0 
Я В 
Фф, = 2 | B,cos— xdx = n sin —— x 


r . л 
n = £;dx = Z,sn—-xdx 


a 


2 
2a Моа а? 
0 


л 
We also have: 
е 2 А 
В, = 6 — Z,a 1 3 
Hence: 


а 2 Е 
Е, I C,C, эт es Z3 13 


And 


аў 
Х,= С,С, = 22 


2 


As the pole-pitch of the third harmonic is I and as the 
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maximum number of effective conductors per inch is —*, we 


get for the exciting impedance per three poles of the third 
harmonic: 


a de oup | gu 
т " * * 2 — * = 2 
А т 3 С С, —2 3 02 77 C, C. 22 34 ' 


And similarly for the exciting impedance of the fifth harmonic 
per 5 poles: 
xu АГЫ 


Ep c 


, etc. 


we have: 


£o] 


z’ 34 


Xm = C,C,Z? a? 


ete, And, finally: 


etc, 
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DISCUSSION ON ' THE RELATION OF RAILWAY SUB-STATION 
DESIGN TO ITS OPERATION," AND ‘‘ SOME CONSIDERATIONS 
DETERMINING THE LOCATION OF ELECTRIC RAILWAY SUB- 
STATIONS," AT NEW YORK, DECEMBER 15, 1905. 


(Subject to final revision for the Transactions.) 


H. A. Lardner: Among the disadvantages of the method 
of starting synchronous converters from the direct-current 
side not noted by Mr. Ashe may be included the fact that direct 
current is not always available. For instance, the converter 
sub-stations of the majority of interurban railways are shut 
down at night; and unless storage-batteries are included in 
their equipment direct current is not available for starting 
the converters in the morning. Therefore, it becomes neces- 
sary to include another method of starting them. 

The author suggests that one disadvantage of the method of 
starting from the direct-current side is the small factor of 
reliability; but I think this difficulty can practically be ob- 
viated by the installation of two resistance boxes so connected 
that either one may be utilized. They would be in circuit 
such a short time that they could be comparatively small and 
inexpensive, and would constitute about the only special ap- 
paratus necessary for utilizing this method. 

The starting of converters on the direct-current side strongly 
appeals to me because of its certainty of action; and with the 
addition of Mr. Stott’s method of synchronizing referred to, it 
is applicable in a great many cases. I personally know of 
many installations among the smaller sub-stations where satis- 
factory results are obtained from direct-current starting, even 
without the modification of the switch-gear referred to. 

I should like to know why the direct current for operating 
the circuit-breaker in Mr. Stott’s device can not be taken from 
the bus-bars, or from the direct-current side of other operating 
converters, aS well as from a storage-battery. It seems a 
unique and a useful method; and that it would be applicable 
to even the smallest stations if it does not require the intro- 
duction of an auxiliary storage-battery. It must be remem- : 
bered that the small sub-stations of the majority of inter- 
urban railroads do not contain such desirable, but rather 
expensive, pieces of apparatus as motor-operated oil-switches 
and other devices requiring an auxiliary storage-battery. 

In the discussion which the author gives of the method of 
starting converters by means of a small induction motor mounted 
upon the converter shaft, he does not call attention to the 
fact that many converters, at least of the smaller sizes, do not 
include such convenient methods of assisting the synchronizing 
of the machines as a resistance across the brushes or in series 
with the field coils. 

A more common method of synchronizing by means of the 
small induction motor is to allow it to run the converter above 
synchronous speed, and then open the motor switch and catch 
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the converter as the speed falls past the point of synchronism. 
I am not prepared to say that the refinement of a resistance 
in connection with this method is an expense that is prohib- 
itive; but it is not usually found in stations with converters 
of under 500 kw. I should like to ask whether the author 
has made any tests showing the time required to start con- 
verters by this method? 

While breakdowns of the, starting motors have undoubtedly 
been rare, it seems a rather bad feature of this system that 
trouble with the starting motor, or with any of its switches 
and connections, is sufficient to cripple the converter itself 
until these are corrected. The speaker feels, therefore, that at 
least one other method should be provided if the method of 
starting by a motor is used. 

The method of starting converters from the alternating- 
current side, as described by method C, has, in the speaker’s 
opinion, many advantages; among them are great simplicity 
and the omission of special apparatus. The introduction of 
taps running from the middle points of the transformers 15 
a slight modification, and the double-throw switch required 
is also. Furthermore the division of the fields is not seriously 
objectionable. 

The author presents, as the chief disadvantaged to this method, 
the necessity of eliminating dampers and other devices, intro- 
duced for the correction of hunting. It would be interesting 
to hear from designers of this class of apparatus on this sub- 
ject. Personally I have observed many installations in which 
the converters were of 500 kw. and under, operating at 25 
cycles, where this method of starting was satisfactorily used, 
and where hunting practically did not occur. For many 
cases, especially where the size of the converter 1s 500 kw. 
and under, I am rather in favor of the use of method A апа 
method C—method C to be used principally for starting the sub- 
station apparatus in the morning when direct current is not 
available; and method A for the addition of other units at any 
time during the period of operation. 

The disadvantage of method C, in that it draws a large 
starting current from the line is not serious under the above 
conditions; and even though it becomes necessary to employ 
this method in an emergency when many cars are depending 
on the sub-station, it is always possible to trip feeder circuits 
and otherwise lighten the load on the sub-station until the 
converter can be started. As shown by the author, the time 
Tequired under this method is very short, especially with the 
smaller sizes of machines. 

г. Referring to the paper by Mr. C. W..Ricker, I note his sug- 
йа ой that in the case of interurban railway sub-stations 
‘he believes it possible to secure better economy by lengthening 
‘the sub-station sections and using boosters, I question whether 
this. method: will, be ‘practicable in many cases.. The entire 
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capacity of a sub-station may momentarily be required for 
starting cars at the extreme ends of the section fed thereby; 
and schedules frequently work out in exactly this way. If it 
were attempted to install boosters to handle the loads at the 
extreme ends of the section they would have to be of con- 
siderable size, especially as to commutator capacity even 
though under severe load for only short periods. I think that 
after taking into consideration the added cost of these machines, 
and of their switching apparatus, their maintenance and the 
space required, their use would not be considered desirable, 
nor justified by other savings made in first cost and in opera- 
tion. 

Referring again to the last paragraph of Mr. Ricker’s paper, 
in which he says that in alternating-current systems with 
static sub-stations, the trolley voltage available permits a 
wider spacing of sub-stations, I would call attention to the fact 
that while this is undoubtedly true, it must be remembered 
that owing to the characteristics of the alternating current, the 
usual saving by increase of pressure cannot be applied, owing 
to the fact that the drop in both rail and overhead conductor 
due to the alternating current is, per ampere, considerably in 
excess of the drop for direct current. 

W.I.Slichter: In connection with that part of Mr. Ashe's 
paper describing a method of starting synchronous converters 
by means of an auxiliary induction motor and devices for 
regulating its speed, it 1s interesting to note that there 1s another 
method of indirect starting by the use of the single-phase 
commutator motor. The alternating electromotive force of a 
converter is approximately the voltage that is suitable for 
the single-phase commutator motor, and by putting a reactance 
in series with such a motor an easy means can be obtained 
for regulating the voltage and the speed. By this method it 
would be easy to secure the proper speed for throwing the 
converter into synchronism. 

john B. Taylor: I was somewhat misled by the title of Mr. 
Ashe's paper, which I think should be '' The Relation of Con- 
verter Sub-station Equipment to its Operation." Since the 
matter of alternating-current starting of converters has been 
brought into such prominence, regret that I did not bring to 
the meeting some oscillograph records, showing the induced 
voltage in the field, the manner in which the current falls 
with increasing speed, and various other factors involved in 
starting svnchronous converters from the alternating-current 
end. , 

Under method C, Mr. Ashe states, “ To prevent an excessive 
starting current, reactance is inserted between the converter 
slip rings and the low tension windings of transformer." There 
seems to be a general impression that the purpose of the re- 
active coil is to permut starting from the alternating-current 
sile. How this impression came about I do not know, but 
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as a matter of fact the reactive coil is used for several reasons: 
to permit automatic compounding, to compensate partly or 
wholly for drop in the transmission line, transformer, and in 
the converter itself; it also allows the converter to run under 
variable load with comparatively shyht changes in power- 
factor, and makes it almost unnecessary for a station attendant 
to change the adjustment of field rheostat; it likewise readilv 
permits the desired division of load between converters. 

All such factors as brush resistance and field resistance 
become of small importance when reactive coils are used, as 
there is no more ditficulty in securing adjustment of load be- 
tween converters than with any class of direct-current ma- 
chinery. 

Reactive coils permit the running in parallel of machines of 
different manufacture, or of different rating of the same manu- 
facture. Forexample, I call to mind a case where the secondarv 
voltage on one bank of transformers in a sub-station is 370 
volts, and on another bank in the same sub-station the pressure 
is 380 volts, and there is no difficulty in dividing the load 
between two converters connected respectivelv to each of the 
two banks of transformers. 

Evidently a mistake has been made in copying the diagram 
of connections which Mr. Ashe has shown on the blackboard. 
This diagram is evidentlv intended to show the diametrical 
connection of a six-phase converter with transformer taps 
and switches arranged to start the machine from the alter- 
nating-current end, the mistake in connections being such as 
to applv the full secondarv voltage of the transformer to ad- 
jacent collector rings instead of to collector rings which connect 
to points on the armature windings diametrically opposed. to 
cach other. Consideration. of a vector diagram will make 
it evident that if connected in this manner the converter will 
run at double voltage. 

Mr. Ashe states that the current fequired for starting a 
25-cvcle converter is a little less than current at full load. 
For the converters which are started from taps giving one- 
third of the full secondary voltage, possibly two-thirds or three- 
fourths of full-load current would be a fairer value. Тһе 
standard practice, when starting converters from the alter- 
nating-current side is, for the larger machines, to apply to the 
collector rings, first, one-third of the secondary voltage, and 
after the machine has reached synchronous speed and the field 
excited, to transfer to taps giving two thircs of full secondary 
voltage, and hnally transfer again to the main leads of the 
secondary winding of transformer. The tap giving one third 
of full voltage is used in all cases, so as to make the practice 
uniform and ensure the starting of the converter under all 
conaitions. This starting. should not fail in case the alter- 
nating current for anv reason drops to 80 or 907, of the normal 
value. As a matter of fact, most of the General Electric Com- 


1905.] DISCUSSION АТ NEW YORK. 87 


pany’s converters will start at one-fourth voltage, and some 
of them, if the armature happens to stand in a favorable posi- 
tion, will start at as low as 17 or 1857. of full voltage. 

When converters are started from transformer taps the 
effect of the compensator action should be noted. The cur- 
rent in the high tension-line falls very rapidly as we reduce the 
voltage applied to the converter collector rings; that 1s, the 
current in the high-tension line when starting a converter 
from one-fourth voltage taps compared with the current in 
the line when starting from one-third voltage taps would be 
in the ratio of 9 to 16, or but little more than one-half as much 
on the one-fourth voltage tap as on the one-third voltage tap. 

I might mention one test I have in mind, made with a 1 000-kw. 
converter at Buffalo, which was supplied with power from 
Niagara Falls. Starting this machine at one-third voltage 
disturbed the high-tension voltage of the system at the sub- 
station less than two per cent. 

The matter of disturbance in voltage, due to starting con- 
verters from the alternating-current side mav, I think, be 
summed up as follows: in a railway system the greatest dis- 
turbance that can occur will not be sufficient to cause trouble; 
in a lighting svstem, in which synchronous converters are also 
used for feeding the lighting circuits, the disturbance in voltage 
becomes an important factor. There are comparatively few 
such systems in this countrv, and as a rule, they are so large 
and have so manv converters in service that the tendencv 
to disturb the voltage is thereby reduced to a minimum. On 
svstems of this character I doubt if it would be a serious matter 
to start the converters from the alternating-current side. 
As stated above, where it is desired to reduce the starting 
current to the lowest possible value, a tap giving less than 
one-third voltage might be emploved. 

The breakdown of field winding of converters is a matter 
that has been given more prominence bv Mr. Ashe than it 
deserves. While it is true that some fields have broken down, 
due to the induced voltage when starting from the alternating- 
current end, in most of these cases the field wiring was not 
in accordance with present practice. In some cases a two- 
pole field breakup switch was installed, and the wiring ar- 
rangéd so that one terminal of the ficld winding was permanently 
connected to ground, which arrangement caused an increase 
4n potential strain at the other end of this section of the winding. 
The present arrangement of wiring breaks up the field winding 
into three sections, and both terminals of each section are 
isolated when the field breakup switch is opened. The 1п- 
duced voltage in the field winding is not over 2000 volts to 
cach group, and there is no more reason why this winding 
should break down on a svnchronous converter than on an 
engine-driven railway generator, which must have its field 
constructed to withstand the heavy '" kicks " Gue to opening 
the field circuit. 
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The times required for putting converters in service, as 
given by Mr. Ashe, are quite fair for the alternating-current 
method of starting. The time, 16 seconds for a 300-kw. ma- 
chine, however, I should say is rather small. It is possible 
to make this record with a machine of this size if started from 
half-voltage taps with no reactive coil in circuit, in which 
case it would take about 8 seconds for the machine to reach 
full speed; but it is my impression that the 300-kw. machine 
started at half voltage with a reactive coil in circuit—the 
standard connection for 25-cycle converter of this capacity— 
would take more than 16 seconds to attain full speed, and a 
few seconds more will be required for the manipulation of 
switches to make the transfer to full voltage. 

As far as the use of bridges on the pole pieces is concerned, 
there are a number of synchronous converters in service having 
bridges, or damping coils, which start satisfactorily from the 
alternating-current end, and there is no practical reason for 
leaving off these bridges to accommodate this method of start- 
ing. There are also in use numerous converters without these 
bridges, and Mr. Ashe's statement that such machines are liable 
to hunt 1s not borne out in practice. The previous speaker, 
Mr. Lardner, I believe corroborates my statement in this 
respect. 

The drawing of a dividing line between machines which 
should start at one-half voltage and those which should start 
at one-third voltage is more or less arbitrary. As a matter of 
fact, the General Electric Company have a definite dividing 
hne, not exactly that indicated by Mr. Ashe, which is drawn, 
however, more for the sake of uniformity in practice than for 
any other reason. 

H. G. Stott: One important point to which no reference has 
been made in either paper presented to-night, is that in oper- 
ating svnchronous converters we are limited to a maximum 
drop of 12€; between the power house and the converter. It 
we assume that the line is fairly well loaded, giving a maximum 
drop under normal conditions of 8 to 104. then a sudden 
additional drop of, sav, 5*,, due to a momentary overload or 
short circuit, will cause the converter to flash over. This, then, 
becomes one of the limiting conditions 1n the location of sub- 
stations. 

E. M. Hewlett: Mr. Ashe refers to the possibility of the motor- 
operated switch operating accidentally; also of the care that 
attendants give to the switch. I think that if the necessity 
of taking care of switches was appreciated more by operating 
men, occasion for complaint would be eliminated. It 1s my 
experience that as operators become familiar with these switches, 
complaint ceases. 

In order, however, fully to provide against accident, switches 
are now constructed with a positive stop, and а trip-coil which 
automatically moves the stop out of the wav when it 15 desired 
to operate the switch. 
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D. B. Rushmore: The form of damping device mentioned in 
the paper by Mr. Ashe is used because of its efficient operation 
and not because this form is necessary; a converter starts as 
well with damping devices as without them. The use of such 
devices may, however, slightly change the power-factor at 
starting. 

Reactive coils may be adjusted for an even division of load 
at any one output, and unequal division of load should be small 
at other outputs. 

It is understood that most of the large converters in New 
York City are operating with the series coils cut out. In small 
sub-stations where much drop in the line exists, compound coils 
are universallv used. 

The advisability of installing power-factor indicators in small 
stations is open to question; experience having shown that 
use is seldom made of them. 

At present one seldom hears of trouble from the heating 
of converters; and with the use of steam turbines instead of 
reciprocating engines this evil should entirely disappear. It is 
now well understood that while variation in angular velocity 
may enter as a disturbing factor, it has but little effect upon 
the parallel operation of alternators. 

Mr. Ricker's paper illustrates the fact that regulation 1s 
more important than other commercial consideration in de- 
termining the allowable voltage drop in power transmissions. 

R. B. Owens: The main consideration in connection with 
the location of electric railwav sub-stations, namelv, voltage, 
seems to me to have been omitted from Mr. Ricker's paper. 

We have to-dav two distinctly different svstems of operating 
railways for heavy traffic; the alternating-current system, and 
the direct-current system with sub-stations, the latter svstem 
using alternating-current generators and synchronous con- 
verters operating at, sav, 650 volts. 

Without going into the question as to whether direct-current 
generators of large size can be successfullv designed for a pres- 
sure of 1 000 to 2 000 volts, I belicve it 1s true that makers are 
prepared to furnish converters of 1 000 volts, and perhaps 
more, and also motors, at least of the bi-polar tvpe, that will 
operate successfully at such voltages. If this is true, it mate- 
rially affects the whole question of sub-station location, and 
also materially narrows the field which some have supposed 
belonged to the alternating current. 

The relative merits of high-voltage converters and high-volt- 
age motors as compared with single-phase-current svstems for 
heavy traction will bear discussion. The question seems to 
be: how far can the cirect-current voltage be carried; can 
converters be made that will operate successfully at 1 000 to 
2000 volts; can motors be made that will operate at such 
voltages? The whole nature of the problem is changed: instead 
of sub-stations with a load-factor of a fiw per cent. it may be 
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possible to get load-factors of a decent percentage. It is of 
great interest to hear from some of the designers as to whether 
such apparatus can be afforded. I think it is a question of 
voltage. The question lies in the design of direct current 
machinery, in large units, to operate successfully under con- 
ditions met in traction work at high voltages. 

William McClellan: It is a question if this method offers 
much help in connection with most of the cases of sub-station 
location. It has always seemed necessary to divide a line 
into load sections rather than distance sections, and conse- 
quently it is difhcult to arrange anv general method of solution. 
As a rule, sub-stations on anv one svstem are alike onlv in 
general arrangement, but differ in size of apparatus and cost 
of construction, which still further operates to prevent the 
use of a general rule. 

A factor which is sometimes neglected in considering the 
location of sub-stations, is the possibility of congestion at cer- 
tain points. The problem is rendered all the more difficult 
when these are orcinarily points of light load. This con- 
dition is of frequent occurrence in steam railroad work. 
but is easily overcome bv concentrating locomotives at the 
point for the time being, and thus relieving the congestion. 
In heavy electric railroacing this finally becomes a question 
of feeders, for the portable sub-station may be used in the 
same way as the extra locomotives, if the ligh-tension fec: ers 
are sufficient to transmit the power. It 1s obvious that no 
general method can cover this point, which is of increasing 
importance in heavier railroading. 

C. P. Steinmetz: The papers presented deal fully with one 
phase of the complicated problem of electric railroading. Thev 
ceal with the electric railway sub-station, so far as it is а сол- 
verter sub-station, and converter sub-stations seem destined to 
remain for a long time to come. [t is proper, therefore, that 
а large part of the paper should be devoted to the synchron- 
ous converter, 

Railway converter syb-stations can be divided into two 
typical classes: first, the sub-stations in а large, high-power 
aistribution system, as in those of the Manhattan, the Inter- 
borough, and the New York City Railway systems, all in New 
York Сиу; and secondly, the sub-stations of svstems of com- 
paratively low-power ani extenced distribution, as in inter- 
urban svstems. 

In svstems of the first class the loss of voltage between gen- 
erating station and sub-station, and between sub-stations, is 
very small. The sub-stations contain at all times a large 
number of high-power units in operation, which run practically 
at steady full load; so that incividual momentary variations 
of loud are not perceptible im the. sub-station to апу great 
extent; the daily changes of load ате taken care of by varying 
the number of converters in use. In subestations of this class 
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the possible variation of voltage due to line drop 1s insignificant; 
therefore automatic control of voltage for variations of load on 
the converters is not necessary; and means for controlling the 
voltage, such as series fields on the converters for compounding 
and reactive coils are not only not needed, but also areundesirable, 
because, if present, they are a source of possible danger of racing 
in case the direct-current system feeds back into the sub- 
station; this danger, due to the small resistance betweerr sub- 
stations, is greater than it is in the case of sub-stations of the 
second class, that is, sub-stations of interurban systems. 

In interurban systems, sub-stations of moderate power, 
with two or three converter units of, say, 500-kw. or less, are 
fed from long-distance high-potential transmission lines, with 
considerable drop of voltage in the transmission lines and 
comparatively high resistance between the sub-stations. In 
these systems the variation of load would be so large as to 
make it impracticable to use for anv ordinary methods of 
voltage control; thercfore the so-called methods of phase-con- 
trol, by means of powerful series fields and reactive coils, be- 
comes necessary. 

In the operation of a converter sub-station, the most im- 
portant factor is starting the converters. In early davs, con- 
verters were started from the alternating-current side by 
throwing full voltage on a machine and letting it run up to syn- 
chronism as a synchronous motor. To-day a different method 
is employed. Starting from the alternating-current side 
causes the severest disturbance in the svstem, especially when 
starting under full load. 

At present converters are started either by means of a start- 
ing induction motor, or from the direct-current side or svn- 
chronism. 

The method of starting may be ‘subdivided, then, into two 
general methods: those that require svnchronism, and those 
that do not require synchronism. There may be some differ- 
ence in. the two methods as to the time required to start; the 
second method may take a httle longer time to svnchronize 
but in either case the maximum time is sufficientlv short for 
all practical purposes. 

The method of starting or synchronism when started from 
the direct-current side, is the least severe on the system. By 
this method, moreover, a converter can be put into the svstem 
without anv trace of disturbance. "The method was introduced 
to a,Jarge extent to avoid shock on the system, but recently 
the tendency has been strongly awav from that; and at least 
in interurban svstems it may almost be said that the method 
of starting by synchronism has failed. It has failed because 
emploved under just those conditions where the utmost rapidity 
of starting is essential. If there is trouble in the svstem, such 
as heavy overloads, or if the direct-current voltage cannot be 
held up and begins to disappears altogether. ап:1 the voltage on 
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the alternating-current side of the system fluctuates up and 
down, synchronizing cannot be undertaken with safety, be- 
cause even after the converter is started its speed as obtained 
from the starting motor, rapidly changes up and down, and 
may cause the alternating frequency to vary; the station at- 
tendant watching the phase-lamp, sees it flicker rapidly, then 
slowly, and then rapidly again, without ever becoming steady, 
however, and finally throws the switch; and all this occurs in 
those cases where the greatest rapidity of starting is essential. 

Some disastrous experiences in this direction were had on the 
suburban line running from Schenectady to Albany, which 
made it necessary to abandon direct-current starting and adopt 
alternating-current starting. The converter sub-station was 
in use, but due to the rapid growth of local ёгаћс, the load 
was heavier than had been expected, and the voltage control 
on the alternating supply svstem was possibly not so good as 
had been anticipated; consequently when the attempt was 
made to synchronize converters, it was almost impossible, 
with average, or even more than average, skill, to get them in 
step without throwing them in when out of phase with different 
speeds and disabling the whole sub-station. These are the 
main reasons for returning to the alternating-current starting. 

It is true that a specially skilled operator might be able to 
get the converter in circuit in this manner without throwing 
the whole sub-station out of service bv throwing the switch, 
not at equality of frequency, but when the two frequencies 
are approaching each other. It is practically impossible to 
succeed by attempting to close the switch while the frequencies 
are together, because they cross each other so rapidly that 
there 1s danger of so doing just after the trequencics coincide 
and while they are арап going apart. And that is the most 
dangerous point at which to connect the converter in circuit; 
it fails to catch short-circuits and throws the other converters 
on the system out of service when they are most needed. 

In general, the proper moment of svnchronism is not when 
the machines are in step and in synchronism, but just a moment 
before they are in synchronism, For that reason direct-current 
starting is of exceptionable usefulness in interurban svstems. 

In large metropolitan sub-stations the difficulty 15 largely 
reduced, because the voltage has steadied on the alternating- 
current side as well as on the direct-current side, and synchron- 
ism can be effected. Nevertheless, if the switch is thrown 
when the converter is out of svnchronism the result 1s much 
more disastrous, because there 1s almost no resistance between 
the generating station and the sub-station, or between sub- 
stations; and the electromagnetic momentum of the whole 
system feeds back into the converter, thus reversing the con- 
verterat full velocity. This result mav occasionally happen even 
when the machine is manipulated by the most skilful operator. 
Assuming the etlicieney of the operator as very high, that his 
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liability to error is only one-tenth of one per cent. and that 
he makes a mistake onlv once in 10 000 times, then in а city 
like New York, where more than 100 converters of 1 000 kw. 
or more have to be thrown into the system daily, three times 
a year he would throw some big converter in wrong, out of 
step, and tear down the station, with the usual disastrous 
results. On this showing it is preferable to start from the 
alternating side by means of low voltage. 

At least two compromise arrangements, methods of so con- 
necting a converter in circuit as to reduce the disturbance on 
the system, have been developed. In one method the converter 
is started from the direct-current side and brought up approx- 
imately to synchronous speed, possibly a little above synchron- 
ism; it is then disconnected absolutely from the direct-current 
side and the alternating-current switch immediately closed. 
The converter drops in step almost instantly, with hardly an 
appreciable disturbance on the system. This method is not 
quite so simple as starting from the alternating-current side 
from rest; but it 1s sufficiently simple for a large system, where 
the risk is considerable. - 

Referring to the employment of anti-hunting devices with 
alternating-current starting: one of the most effective devices 
of this character is a squirrel-cage induction motor winding. 
which is extensively used in synchronous motors intended for 
very severe conditions, such as operating heavv fluctuating 
loads at the end of a long transmission line in which there are 
resistance losses. It is obvious that a squirrel-cage winding 
is of great advantage in starting converters. 

Two other anti-hunting devices are short circuits consisting 
of heavy closed copper bands around the field poles, or between 
them, both of which devices operate on the reduction of the 
magnetic flux; when hunting, the magnetic flux shoots across 
the field pole, and cuts through the copper bands in which a 
heavy short-circuit current is set up by the electromotive force 
produced thereby. 

The short circuit between the field poles obviously cannot 
interfere with starting, but are motors and start up giving a 
quarter phase winding to the normal pole and gives effect to 
the quarter-phase motors secondary as a field. 

The other arrangement of short-circuiting around the field 
poles is used to a considerable extent in synchronous motors; 
and I know it gives notrouble. I have not used it in connection 
with converters, but see no reason why it would not prove 
satisfactory in that connection. 

In regard to the noise made by converters, I have alwavs 
observed that comparatively they are as noiseless as any other 
machines. In engines and other apparatus some part will 
always be noisy; and no satisfactory explanation of the 
cause can Бе given. Al theories in this direction, 
when compared with experience, have fallen down. So far 
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the preventing of noise in machinery has been a case of elimina- 
tion rather than of cure. 

Lastly, in regard to the use of the storage-battery in electric 
railway systems, it is a very useful and desirable element. 
The only and main objection to a storage-battery which has pre- 
vented its introduction in most railway systems, especially 
in interurban systems, is its cost, which, as a rule, is prohibitive. 
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TELEPHONE ENGINEERING. 


BY J. J. CARTY. 


Engineering may broadly be divided into two classes, civil 
and military. Military engineering is that which pertains to 
the conduct of war and 15 sufficiently understood to require по 
description. Civil engineering, as I am now using the term, 
comprehends all forms of engineering which are conducted 
without special reference to the operations of war. Falling 
within this definition. of civil engineering we have electrical 
engineering, mechanical engineering, telegraph engineering, tele- - 
phone engineering, and some others. As taught in colleges, 
however, and as generally understood, civil engineering is re- 
stricted and deals more especially with that branch of the art 
which pertains to the construction of bridges, water works, 
railroads, harbor improvements, and other public works of like 
character. 

Inasmuch as the telephone is an electrical instrument, and 
inasmuch as electrical phenomena exert a dominating influence 
in the telephone art, telephone engineering is classed as a 
branch of electrical engineering, although 1t will be shown as I 
proceed that telephone engineering comprehends important 
elements not at all electrical in their character; indeed, it is a 
recognition of the existence of these elements, and a knowledge 
of how to deal with them adequately, that constitutes one of 
the important requirements of telephone engineering. A good 
knowledge of electrical laws and a fair acquaintance with elec- 
trical machinery may be gained in our electrical schools; and 
graduates from them ате, asa rule, proficient in these matters. 

Telephone engineering comprehends not only these, but other 
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factors, the existence of which is not generally recognized. In 
this paper I shall, owing to the limitations of the time at my 
disposal to-night, attempt to explain the nature of only some 
of these factors, indicating their most important bearing upon 
the general subject. From your own knowledge you will be 
able to supply many more instances, illustrating perhaps better 
than those which I have chosen, the ideas which I wish to 
make plain. 

To describe the proper scope of telephone engineering in its 
relation to the telephone industry is to consider the functions 
of the telephone engineer. Not so many years ago it was thought 
that the functions of the telephone engineer consisted of doing 
little more than to provide and install switchboards. He was 
supposed to be consulted occasionally about the station appar- 
atus, and later, when cables were introduced, his activities 
were extended so as to include the testing of cable after it had 
been bought and laid. 

At the time of which I speak, telephone companies took al- 
most an exclusively switchboard view of the telephone business. 
A building would be selected by someone connected with the 
company, and the engineer would be consulted principally 
as to the type of switchboard and the placing of it in 
position. The size and location of the building, its relation 
to the existing and probable future subscribers, and all of the 
vast number of cther factors now considered so vital in deter- 
mining such matters, received but scant consideration. So it 
was with cables; whether the cable should contain wires of 
No. 22, No. 19, or No. 16 gauge; whether the insulation should 
be of cotton, rubber, or gutta percha—these were questions 
which were as likely to be settled by the purchasing agent as 
by the engineer. 

To one acquainted with the conditions of those times this 
is not at all surprising, because the telephone engineer of that 
period shared with all of the rest of the world the then pre- 
vailing ignorance concerning matters which have since been 
proved by laborious investigations to be governed by well 
established laws, the nature of which was then unknown. 

The proper status of telephone engineering and the true scope 
of the telephone engineer differ as greatly from this primitive 
view as does the modern telephone system differ from that 
which obtained in the period about which I have just 
spoken. 
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I shall endeavor to give a correct view of the true scope of 
telephone engineering and to do so I shall broadly discuss a 
typical problem in telephone management, illustrating the 
various points I wish to make by reference to certain details 
which will be considered in connection with the problem chosen. 

Let us take the case of New York City, with the suburban 
territory tributary to it, and assume that it is the intention of 
the telephone company to install within that territory a tele- 
phone system which will work at a proper degree of efficiency 
and at the same time yield to the investor a fair return upon 
his investment; and that it is necessary not only that this con- 
dition should exist during the first stages of the project, but 
that the undertaking should be so managed that this condition 
will be maintained indefinitely. With such a problem Бе- 
fore the telephone management, what part of it should 
the telephone engineer be required to work out? I shall 
answer this question by describing in general terms, and some- 
times, for the purposes of illustration, in considerable detail, 
what should be the work of the telephone engineer, in such a 
case. | 
The first question which the engineer must decide is, what 
is the period for which such construction as may be required 
should be planned? This is a question of far-reaching 1m- 
portance and requires for its answer that a vast amount of 
data should be collected, and that careful and long-continued 
study and investigation should be given to a large number 
of factors. Among the things to be studied and investigated 
are: first cost and character of construction of the diverse por- 
tions of a plant of such complicated nature; annual charges, 
such as maintenance, depreciation, and interest; and local 
conditions bearing upon the possibility of the renewal or ex- 
tension at some future time of all of the elements of the plant. 

In addition to this, due regard must be paid to possible 
changes in the art and also to the fact that, owing to the ex- 
igencies of the business, many cases arise where it 1s necessary 
to carry out at the beginning, especially in underground work, 
all of the construction which may ever be needed. 

At the outset the question of the period for which to plan 
depends upon the expectations of growth. With a given ex- 
pectation of growth, the engineer, by taking into account all 
of the factors of the case, and balancing the annual charges 
resulting from the initial investment against the cost of recon- 
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struction and rearrangement of the plant at some future time, 
arrives at the economical period for which to plan. 

In this work the predictions as to growth are of the first 
importance and, inasmuch as accurate predictions of this kind 
are attended with the greatest difficulty, it 15 essential that 
not only the judgment of the engineer, but that of the business 
management, and all others who might be able to advise in 
connection with the matter, should be obtained. 

At this stage of the work it is of the utmost importance that 
the bearing of these estimates of growth upon the future of 
the plant should be thoroughly understood by the business 
management, whose functions, in the nature of the case, exer- 
cise such a profound effect upon the extent and character of 
such growth. It is the duty of the engineer to make this point 
clear and to obtain from the business management serious and 
responsible estimates of future growth. 

The number of lines which may be expected having been 
agreed upon, the question of for how long a period ahead we 
should plan is determined by a number of circumstances. 
For such conditions as obtain at New York, the period for much 
of the construction has been found to be from 17 to 20 years. 
This figure is arrived at by taking into account a large number of 
factors, such as: the life of the central-office switchboard, which 
is placed at about 15 years; the relative costs of placing in the 
subways a large number of ducts initially as compared with 
adding new ducts after a period of about 20 vears; the uncer- 
tainty regarding the changes in the state of the art; and the 
difficulty of foretelling with sufficient detail conditions which 
are expected to obtain during a period so far ahead as 20 years. 

In the case chosen for illustration, which was New York, 
the economical period was found to be about 20 years, and it 
was attempted to plan for conditions which would obtain in 
the year 1920 and for each year up to that date. The total 
number of lines to be provided for in the island of Manhattan 
is 300 000.* The working out of the general plans for providing 
for this number of lines, which it was expected would be reached 
by the year 1920, constitutes what is known as the “ 300 000- 
line study." To give an idea of the nature of part of the ` 
work of the telephone engineer, I shall outline in general terms 
the character of this study. | 

Having determined upon 300 000 lines as the proper founda- 
tion of the study, and having received the proper authorization 


*This figure was substantially modified as the study progressed. 
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from the business management to proceed on that basis, the 
next step is to plot on a map the probable distribution of these 
lines. This is done, not by giving the location of each line, but 
by indicating by blocks the most probable distribution. Here 
again the judgment of the engineer must be assisted and di- 
rected by the business management, for next in importance to 
determining the total number of lines to be provided for comes 
the question of their distribution. 

The number and distribution of lines lavi been agreed 
upon, the next step 1s to determine the number and arrangement 
of central-office districts, the size and boundaries of these -dis- 
tricts and the size and location of the central-office switch- 
boards. 

It is conceivable, although obviously impracticable, that all 
of the 300 000 lines might be extended to one central office 
and operated in switchboards there; it is only necessary to 
state such a proposition to exclude it from further considera- 
tion. On the other hand, it is conceivable that a central office 
might be established in each block; this also is absurd and needs 
no further consideration. Somewhere between these two ex- 
tremes must ]ie the most economical size and number of central 
offices. The next stage in the problem is to determine this 
number; to do this no formula, simple or otherwise, is available. 
The only practicable method 1s to lay out the territorv to be 
served, in accordance with a number of different arrangements 
of districts and centres, starting in, say, with 10 centres and 
extending the study up to as many as 30 or 40, or even more. 
In the case of all these arrangements there would be certain 
elements of cost which would not be changed by the different 
arrangements of central offices assumed. Block wiring and. 
station instruments are examples of these. "These elements of 
cost are omitted from the coniparison. All of the items of 
cost, however, which vary with the different number and 
arrangement of central offices, are computed, all of these being 
reduced to annual charges. 

From these figures, as applied to the various layouts, the 
number of central offices and the districts which are ideally 
most economical may be seen. I sav ideally most economical 
for the reason that the practical application of such results 
requires that a difficult and very complicated adjustment of 
the existing plant, to conform as nearly as possible to the 
ideal condition, must be carried out. 


, 100 CARTY: TELEPHONE ENGINEERING. [Feb. 23 


While it must appear, even from the brief statement of the 
steps of the study thus far described, that a vast amount of 
labor and computation are involved, it by no means represents 
all that must be done. Before there can be made a com- 
parison of the relative economies of the various groups of offices, 
a series of studies within studies must be carried out upon 
many other important elements of the problem. 

The first of these is the switchboard study. Before the 
switchboard study can be made, general methods ot operating 
must be agreed upon: such as the method of handling toll busi- 
ness, whether it shall be done wholly upon a toll board or partly 
upon a toll board and partly direct from “ A” positions; 
whether it shall be done wholly upon a '' two-number ” basis 
or substantial upon a ''particular partv " basis. The best 
method of handling local business must be determined. It 
must be decided whether the business shall be upon call wires, 
or otherwise; what shall be the capacity of the call wire; what 
shall be the load which will be assigned to the various oper- 
ators in the system, this in turn being dependent, among other 
things, upon the character of the service which it is neces- 
sary to render. 

Having agreed upon these and other fundamental data, the 
question of the best type of switchboard, whether it shall be 
full multiple or partial multiple, whether it shall be of the 
transfer type or otherwise, must be settled. The limit, so far 
as size is concerned, of the multiple board, or any other type 
which may be considered, must be determined. Also there 
must be settled a very large number of questions, cropping 
out at every turn, involving maintenance and operating ex- 
penses and methods. АП of these factors having been duly 
weighed, the maximum size and type of switchboard is 
found. 

The switchboard determinations having been made, the tvpe 
of cable to be emploved must be settled upon. Here again a 
series of studies is necessary. Of first importance in the cable 
study is the determination of the standard of transmission 
which is to be employed, not only for talk between offices 
within a zone such as Manhattan Island, but also the standard 
of transmission which it is necessary to maintain between 
Manhattan Island and the suburbs and between various points 
in the suburbs passing through Manhattan, and to long-distance 
points. The importance of this determination will appear 
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when we consider the standard already adopted as the Man- 
hattan standard, which is, assuming the use of the present 
common-battery apparatus, that the cable employed in Man- 
hattan shall at all times be such that it will give in the worst 
case a talk as good as could be obtained between two central 
offices joined by a trunk cable of 10 miles of the standard type 
having the No. 19 gauge conductors, with a mutual capacity of 
0.07. If this standard were lowered so as to employ tbe use 
of No. 22 gauge cable instead of No. 19, it would permit the use 
of a trunk cable costing half as much as that required by the 
present standard, thus reducing the number of ducts required 
and in that way substantially affecting the results of the study. 

In considering the type of cable to be employed, not only must 
the standard of transmission be borne in mind, but in deter- 
mining upon the specifications for the various types of cable 
needed a long series of special studies 1s required. These are 
conducted with a view of ascertaining that form of con- 
struction which in each case will give the highest standard of 
transmission and at the same time preserve the best mechanical 
conditions needed for hauling the cable in and out of the duct, 
and also be so constructed electrically and mechanically as to 
require a minimum of attention from the maintenance point of 
view. Not only must the various types of cable be carefullv fixed 
upon when considered strictlv from the cable point of view, 
but where suburban and long-distance circuits are to be con- 
sidered the problem of loading cables presents itself. This 
involves so much work and study that to give even a brief 
outline of what it involves would require a paper which itself 
would extend far beyond the limits of the time allotted for this 
very general statement of the case. 

The general features of the study having been determined 
upon, and the time having arrived to erect a given central 
office at a centre previouslv located, the question of obtaining 
the necessary real estate and erecting the central office building 
presents itself. In such cases it is usually impossible to obtain 
the desired property exactly at the ideal centre. Practical real 
estate conditions must be met and, of the various parcels of 
property offered, that is chosen which, taking into account all 
of the circumstances of the case, results in the lowest annual 
charges. "The distance of a given site from the main subways. 
the character of the neighboring buildings, the price at which 
the property can be obtained, the possibilitv of reconstructing 
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the existing building which may be upon the property, or the 
necessity of removing it and erecting a new one, and other 
similar points—-all these have to be carefully worked out before 
a report can be made to the management sctting forth the most 
economical land to purchase. 

In other words, before even the land is bought a study must 
be made of a telephone building which might be erected upon 
it. Inasmuch as in nearly every case many different proper- 
ties must be considered, studies for several different buildings 
must be carried out before the best combination can be de- 
termined. After these matters have been decided upon, the 
details of construction of the building must be further studied. 
This, as can readily be understood, naturally involves a large 
amount of engineering work. 

Thus far I have hastily sketched the outlines of a telephone 
development study as it 1s more particularly concerned with 
. the local plant, but as the local plant must be, as time goes 
on, more and more intimately connected with neighboring plants 
in the suburbs, and with more distant plants reached by long- 
distance wires, most careful study must be given to the best 
methods of establishing proper relations with those plants. 

Without attempting to outline in anv detail the nature and 
extent cf the work involved in the methods employed in making 
a suburban toll-line study, and without going at all into the 
question of methods of establishing the service to long-distance 
points, I will sav that, considering the broad features of these 
various classes of conditions, it has been found best, in the 
particular case which I have taken for my example, to divide 
the telephone business into three classes; local, suburban, and 
long distance. 

In determining what shall constitute the local class the engi- 
neer finds himself engaged in a problem of great magnitude 
which primarily concerns the business management and which 
is affected by important public and economic considerations as 
well as bv engineering factors and methods. If the local zone 
is made too extensive it greatlv increases the magnitude of 
the trunk-line plant from which no toll revenue can be derived. 
This fact reacts upon the rates in such a manner as to make 
it impossible to give as low a station rate as might otherwise 
be the case. This tends to restrict the growth of stations — 
and hence will act as a check upon the growth of the business 
at large. 
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The local zones having been established, it must next Бе de- 
cided what shall be the limits of the zones of suburban business, 
and what shall be classed as long-distance business. Without 
attempting to explain the various points necessary to be taken 
into account in determining these questions, I will say that they 
involve not only those physical factors ordinarily considered 
to constitute engineering, but also the methods of call- 
ing which may be permissible on the part of the subscriber; 
the entire system of toll rates which should be adopted by the 
telephone company; the question of what subscribers’ names 
and numbers should be listed in the telephone directory, and 
how they should be listed; and other questions of a similar 
nature. | | 

When I review the outline of the methods and magnitude of a 
telephone development study, which I have here briefly sketched, 
I am not surprised that some who have only superficially con- 
sidered the subject are inclined to doubt the value of results ob- 
tained in this way. This feeling is strengthened when they 
consider the nature of some of the fundamental data upon 
which all of the work rests. For instance, unless there is 
made a fairly correct forecast of the probable growth of sub- 
scribers’ lines for a period of 15 or 20 years in advance, it is 
clear that substantial errors will be made; but more than this, 
it is necessary not only to forecast the total number of lines 
expected, but their location must be determined within 
limits. But this is by no means all. Not only must the loca- 
tion of the lines be decided upon, but the number of calls per 
day which may be expected over each line must be estimated; 
not only must the number of calls which are expected be 
determined, but the time of the day during which these 
calls may be expected must be arrived at in some manner. 
Even more than this must be done, because it is necessary 
not only to know all of these facts, but also it must be known 
where the calls are to go; we must also know what proportion 
of these are likely to be toll calls, what proportion long-distance 
calls. Various other factors of like nature must be deter- 
mined. 

There can be no doubt that telephone development as thus 
viewed, and as correctly viewed, presents abundant opportuni- 
ties for errors, and that such errors must lead to expenditures 
of large sums of monev, which, if infallible data were obtained, 
would not be required. | 

But conceding all this, what is the alternative method 
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which can be' followed? If we are to abandon the method of 
study herein described, what shall be substituted for it? By 
what plan shall we proceed which will enable us to arrive at 
a more economically constructed system? What method shall 
we adopt which will enable us to proceed without answering 
such questions as those which the present method of study 
undertakes to answer? It is obvious that what are erroneously 
called '* common-sense " methods might be employed. Build- 
ings might be erected in various locations in a city, chosen 
after an inspection of the region; they might be substantially 
constructed and provided with switchboards. These buildings 
might be joined together by subways, and in the subways cables 
could be located. Suburban and long-distance trunk-line sub- 
ways might also be constructed, and there is no doubt that 
according to such a plan telephone business could be carried 
on. But have we, after all, in following this method, avoided 
answering any or all of the questions with which the study under- 
takes to deal? Most certainly we have not, and while it might 
not be appreciated, every step taken in this so-called common- 
sense method really makes a direct, though unconscious and 
unintelligent, answer to all of the questions propounded and 
dealt with in the formal study. 

If, following this common-sense method, it is decided to erect 
at a given location a central-office building with a switchboard 
of a given size, this office must be intended to serve a district of 
some definite size. If, as would of course be the case, other cen- 
tral-ofhce buildings are erected at other locations, they too must 
be constructed with reference to fixed districts, and their number 
must be determined with reference to the expected growth in sub- 
scribers; so that, after all, the magnitude of the expected growth 
is a factor which 1s unconsciously dealt with. But in deter- 
mining upon the size of the switchboard and its construction, 
whether we realize it or not, a definite, though unwitting, answer 
is made to the questions of what shall be the rate of calling, 
what shall be the destination of the calls, what shall be their 
character, and at what time they shall occur. "The switchboard 
and building must be planned for some set of conditions which 
can be established only by data of this character. Merely 
ignoring these questions and erecting the switchboard and 
arranging central offices without making a study does not 
avoid answering the questions, for by the construction carried 
out a direct and uncquivocal answer to all of these questions 
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is made, yet without giving consideration to any of them: or 
even recognizing their existence. 

So it is with subway construction. It is easy enough, after 
central offices have been located, to plan for a subway joining 
those offices, but somebody must answer the question as to how 
many ducts shall be provided in this subway. This can be 
done by the method outlined in describing the study, or it can 
be determined at the time by somebody who is opening the 
streets. It may be done, on the one hand, by engineers after 
careful study with all of the facts before them, and after having 
analyzed the statistics of the past and having exhausted all 
possible methods of throwing light upon the subject; or it 
may be done by the man in the street with a pickax. Those 
who would follow the pickax method would not avoid ques- 
tions which the engineer has recognized and has undertaken 
to answer. They would, by the number of ducts they would 
put down and by the character and magnitude of the other 
construction, give their answer to all of these questions without 
having considered any of them. As to which of these two 
methods shall be followed, each telephone company must de- 
cide. 

Thus far in my outline of that part of the telephone engi- 
neer’s duties which pertain to development studies, I have 
dealt more particularly with the physical features of the 
work. Ordinarily, engineering has to do principally with 
physical factors, but telephone engineering has not only to 
deal with physical factors of the utmost complexitv, but it 
has also to deal with commercial questions which, of them- 
selves, would seem to be only remotely connected with the work 
of the telephone engineer, vet which reallv vitally affect it. 
Telephone engineering presents more factors of this nature 
than, I think, are to be found in many other branches. Take 
the case of a civil engineer who has before him the problem 
of constructing a masonry dam. This presents an instance 
involving solely physical factors. "The stability of the dam or 
its capabilities of impounding the necessary amount of water 
are in no way affected by any action which the board of directors 
of the water works company may take with reference to its 
dealings with their customers. 

It is not so with telephone engineering for, as I will presently 
show, a telephone toll line and switchboard system might be 
designed in accordance with the highest state of the art and - 


106 CARTY: TELEPHONE ENGINEERING. [Feb. 23 


constructed so as to give the best efficiency and yet by the 
action of the business management, causing the adoption of 
what might seem to be a reasonable commercial practice, the 
operativeness of the switchboard system might be totally de- 
stroyed. This idea will be readily comprehended when we 
consider what would happen to the present toll board at Cort- 
landt Street, operating on the recording basis, using the two- 
number method of calling, if, by some change in business 
plans, the particular-party method in use extensively in many 
other localities were adopted. Only a brief consideration of 
this case 1s required to show that, in addition to the present 
recording operator, a second set of operators would have to 
be employed, who would be required to call up the subscriber 
desiring the toll connection and obtain from him the details 
of his call. The adoption of such a method, while in itself 
a wasteful and inefficient one, would, in the case I have chosen, 
require the radical reconstruction of the entire toll-board plant. 
More than this, the adoption of such a method would render 
it impracticable to follow the direct-line trunking method 
which 15 now possible by the use of the two-number plan of 
calling. The abandonment of this method would require that 
such toll lines be handled from toll boards. The magnitude 
of the revolution which this would make in the engineer's 
plans will be seen when I say that whereas, by the two-number 
method, one toll board occupying one floor of the Cortlandt Street 
exchange is sufficient, there would be required, if the particular- 
party method were emploved exclusively, as many as five or six 
toll boards occupying five or six floors in the Cortlandt Street 
building, and requiring five or six times as many operators 
for their working. This is one of the best examples which 
could be given as showing the peculiar relation which obtains 
between telephone engineering and the business management 
of telephone companies. 

Another example, perhaps even тоге far-reaching in its 
effect upon the work of the engineer, 15 the question of whether 
^ the telephone company shall charge for its service on the 
flat-rate plan, or by messages as is now generallv the case in 
this neighborhood. 

Under the flat-rate method of charging, in large cities, the 
more times the customer uses his telephone during the day 
the greater 15 the expense to the telephone company. This 
is due not onlv to the increased number of operators required, 
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but also to the increased switchboard sections needed for 
them, and to the increased trunk-line plant. By the method 
of flat-rate charging there is no motive for the telephone com- 
pany to encourage an increase їп the number of calls. For 
this reason a flat-rate plan would have to be so engineered, and 
the rates would have to be so established, that extension sta- 
tions, desk stands, and other auxiliaries tending to make the 
use of the telephone easy and therefore more frequent, must 
be discouraged. 

The existence of the flat-rate in such cases would not only 
be attended by all of these consequences, but many others, 
one of which in particular is of great importance.. I refer to 
the excessive use of the subscribers’ line which such a rate en- 
genders. The consequence of this excessive use is that the 
busy calls attain such serious proportions that it is difficult, 
if not absolutely impossible, to give satisfactory service. This 
trouble from busy calls has at times attained such serious pro- 
portions that engineers in various places have exerted extra- 
ordinary efforts to mitigate the evil, but without success. This 
difficulty having been caused by commercial methods could not 
be overcome by the engineer employing physical methods. 
The solution of this difficulty lay with the business management, 
and consisted in the adoption of a proper system of message 
rates. Once such a method was put into force all of these 
difficulties which I have enumerated, as pertaining to the flat- 
rate, and many others which I have not taken the time to ex- 
plain, disappeared. | 

While engineers were endeavoring to plan systems in accord- 
ance with the flat-rate method, certain difficulties were encoun- 
tered at every hand. As soon as the message-rate system was 
adopted all of these difficulties disappeared, and many positive 
advantages not even suspected as residing in the message-rate 
plan developed. Under the flat-rate system there was every temp- 
tation for the subscriber to send as many calls as possible over 
one line. This, as I have already stated, resulted in overcrowding 
the line and was attended by bad reactions of every kind. 
Those having but small use for a telephone could not afford 
to pay the high flat-rate which that method of working made 
it necessary for the telephone company to charge. The conse- 
quence of this was that only those having a large number of 
calls installed a telephone, and those having small use of the 
telephone made it a practice to use the telephones of their 
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neighbors or did not employ the telephone at all. This prac- 
tice on the part of the small user was a natural one in view cf 
the fact that under the flat rate the telephone subscriber con- 
sidered that it cost him nothing to allow his neighbor to use his 
telephone. All of this resulted in a svstem largely composed 
of overloaded lines. Under the conditions obtaining in our 
large cities, the relief of an overloaded line can be obtained 
only at the expense of a second line, which in most cases meant 
doubling the cost of the telephone service. For this and many 
other reasons the desired relief could not be obtained under the 
flat-rate svstem. | 

By introducing into the large cities the message-rate system, 
and by placing proper limits on the load which should be 
carricd upon one line, and by providing a graduated system 
whereby additional lines could be obtained on a basis propor- 
tionate to the amount of their use, relief from this overloading 
was afforded. More than this, under the message-rate system 
it 15 obviously for the interests of all concerned that the use 
of the telephone should in every manner be encouraged. For 
this reason it became feasible and desirable to install as many 
auxiliary instruments as possible. This was accomplished by 
providing for those who required two or more lines a switch- 
board located at the subscribers’ premises, this switchboard 
being so constructed that as many local stations as might be 
required could be installed at a moderate equipment charge. 
Each one of these stations is so equipped that it may be con- 
nected with a trunk line to the central office or it may be con- 
nected to any of the other local stations without communicating 
with the central office. In this way not only were the con- 
ditions at the central office substantially improved, but another 
important, advantage was obtained; talking between local 
stations at a local or private branch exchange switchboard 
could be accomplished without any message charge, thus creat- 
ing an important by-product costing the subscriber practically 
nothing. This development not only reacted upon the central 
office engineering and the general engineering of the plant, but 
also completely changed the state of affairs with reference 
to speaking-tube telephones, practically limiting the former 
speaking-tube system to special and peculiar conditions. 

Considering these two examples of the method of charging 
which shall be followed upon toll lines and the method of charg- 
ing which shall be adopted upon subscribers’ lines, it will be 
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seen that they affect, in a most Surprising manner, the 
work of the telephone engineer. So profoundly do such con- 
siderations affect the proper engineering of the telephone 
plant that it must be said that good telephone engineering 
cannot exist side by side with a bad system of rates or with 
improper business methods and organizations. Nothing more 
forcible than these examples needs to be mentioned in order 
to show the intimate relations between telephone engineering 
and business management. 

From time to time, engineering methods involving new prin- 
ciples are brought forth. These, when found to affect the 
methods of the business office, should be submitted to the busi- 
ness management with a full and clear statement of their 
bearing upon the commercial work of the company. On the 
other hand there are, from time to time, business proposals 
and commercial methods which are under consideration by the 
business management of telephone companies and which, ap- 
parently, are only remotely or not at all related to engineering. 
In view of the many unexpected and important reactiors which 
these proposals may have upon the engineering of the telephone 
plant, it becomes of the first importance that they should be 
scrutinized carefully from an engineering point of view, unless 
it is conclusively apparent that they will be without effect upon 
the engineers’ plans. 

Many other instances besides those which I have enumerated 
. might be adduced, such as the effect of the three-minute toll 
period method of charging upon the various features of suburban 
trunking methods; and the complicated and disastrous reactions 
produced by the introduction of many of the party-line systems. 

Thus far I have dealt with some of the more general methods 
of telephone engineering, indicating briefly their nature. One 
of the very important features of telephone engineering con- 
sists in the design and construction of the varied machinery 
constituting the modern telephone central-office apparatus. A 
brief statement, therefore, indicating the character of the 
work which devolves upon the telephone engineer in connection 
with central-office design is pertinent. 

During the past ten years, a revolution has taken place 
in the design and construction of telephone switchboards, 
the magneto switchboard, so-called, having given way to the 
common-battery switchboard. This radical change in tele- 
phone practice made new demands upon the telephone engi- 
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neer, for it became necessary for him to introduce into central- 
office construction certain elements which had theretofore 
been utilized principally in engineering work involving electric 
light and power installations. 

In the magneto system, signaling from the subscriber's 
station to the central office was accomplished by means of a 
small alternating-current generator turned by hand, and the 
current supplv needed in the working of the transmitter was 
obtained from a few cells of primary battery located at the 
subscriber's station. By the introduction of the common- 
battery svstem all of this was changed: the magneto gen- 
erator was dispensed with, as was the primarv battery, the 
current supply for operating the transmitter, as wellas that 
required to enable the subscriber to signal, being drawn from 
a large storage-battery located at the central office. 

In the case of a 10 000-line switchboard, the storage-batterv 
must be capable of giving an average discharge of 500 amperes; 
and to insure proper working conditions, it must be capable 
of giving a safe discharge as high as 2 000 amperes. For charg- 
ing such a battery as this suitable machines must be employed, 
and these must be present in duplicate or triplicate. "The 
standard machine used for charging a battery of this type 
delivers 1 000 amperes. 

The introduction of currents such as these, and the intro- 
duction of these machines and of a large number of auxiliary 
machines generating currents for special purposes, has re- 
sulted in the creation of a power plant at each central office. 
upon which the operation of the telephone switchboard and 
apparatus 1s wholly dependent. The introduction of these 
larger currents has necessitated most careful and refined 
methods of fusing and protecting the delicate telephone ap- 
paratus. These protective methods, while following the gen- 
eral principles of such methods in electric light and power 
practice, are more refined in their working and call for a 
hitherto unattained degree of precision in the manufacture of 
such apparatus. | 

While the storage-batteries and auxiliary machinery em- 
ployed in telephone power plants are far from equalling the 
magnitude of similar apparatus employed in electric light 
and power stations, nevertheless they have become such a 
vital element of the successful engineering of a telephone 
central office, that they require on the part of the telephone 
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engineer a special knowledge of this branch of electrical en- 
gineering, which was formerly not requisite. This class of 
apparatus must also be considered by the telephone engineer 
in a special manner, for not only must it be properly con- 
structed from the electric light and power point of view, but 
peculiar conditions must be provided for on account of the 
association of this apparatus with such a delicate instrument 
as the telephone. 

Where a dynamo 15 to be constructed to operate incandescent 
lamps, let us say, certain minute fluctuations in the potential 
of the machine are permissible. Were such a machine, how- 
ever, to be used in connection with telephone circuits, these 
fluctuations in potential’ would be sufficient to produce such 
constant humming in the telephone as to render it inoperative. 
Hence a greater refinement of the construction of these ma- 
chines in this respect is imperative where they are employed 
in the telephone power plant. | 

So it is with the storage-battery. Where a number of tele- 
phones are supplied by current from опе storage-batterv, 
even almost infinitesimal changes in the voltage of the battery 
might be propagated to the telephone lines connected there- 
with and produce disturbances. For this reason, storage- 
battery practice from the telephone point of view presents 
problems which are different from those encountered elsewhere. 

One of the interesting and important developments in the 
modern common-battery switchboards is the extensive use which 
has been made of incandescent lamps їп signaling. Hundreds 
of thousands of these lamps are now used for telephone sig- 
naling, and the requirements of the telephone art have called 
for special refinement in the design. and manufacture of these 
lamps. 

While the common-battery switchboards as now used in 
all of the large central offices represent a revolution in methods 
as compared with the magneto system, there are certain ele- 
ments formerly used in the magneto system which have per- 
sisted. Among these is the multiple-board principle. This 
principle, as is well known, consists in extending a number of 
lines to different points in the switchboard so that it is possible 
to connect with them at any one of these points. The mul- 
tiple system is opposed to the transfer system, which is one 
wherein the lines are not so extended or multipled to different 
points, but proceed directly to a special location from which 
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trunk lines extend to other parts of the switchboard, so as to 
provide for making the necessary connections. It is safe to 
say that during the past 20 vears there has been no question 
of switchboard design that has been the occasion of so much 
discussion and controversv as that pertaining to the extent 
‚ to which the multiple principle should be adopted. It is 
intercsting to ncte therefore that no {уре of switchboard of 
any magnitude is now sericusly considered which does not in 
a very substantial manner utilize this multiple principle. 

In a self-contained central office, with relatively few trunk 
lines extending to other offices, it is found most economical to 
multiple all of the subscribers’ lines to each section of switch- 
board. In very large cities where a. number of central offices 
are required and where the amount of trunking between the 
different central offices is relatively large, the advantage of 
multipling all of the subscribers’ lines to each section is not 
so apparent as in the case of the self-contained office, and 
this fact has led manv to the conclusion that for such situations 
multiple boards are not adapted. But this is going further 
than the facts warrant, for while 1t is true that the advantage 
of multipling the subscribers' lines to all of the sections of the 
switchboard becomes less and less as the percentage of trunking 
increases, it is still a fact that the point is never reached where 
the multiple principle itself should be entirely abandoned. 

The truth of this proposition may easily be established bv 
assuming that in a large city all of the calls must be trunked, 
and that none of them are local to the office in which they orig- 
inate. In such a case as this it is obvious that nothing could 
be gained by extending all of the subscribers’ lines before 
each of the operators. On the other hand, it is still essential 
that the outgoing trunk lines should be extended, or multipled, 
before all of the subscribers’ operators, and all of the sub- | 
scribers' lines should be multipled before the trunk operators. 
While the case of an othce without any local calls is one which 
could not occur in practice, there are situations in which the 
amount of local calls 1s so small that it will not pay to mul- 
tiple the subscribers’ lines to all of the subscribers’ operators. 
Just when this point is reached is a question to be determined 
in each case. 

Thus far, the instances where it has been found possible to 
omit this multipling of the subscribers’ lines are few, but as 
time goes. on the number of these cases must: increase ; but 
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at no time, so far as can now be seen, will the point be reached 
where the multiple principle itself will be abandoned. Even 
in the automatic switchboards, which constitute one of the 
most interesting of the recent developments, the multiple 
principle is found to be essential to the working of all tvpes 
of automatic boards thus far proposed, wherever the switch- 
board is of any substantial magnitude. 

. With reference to this matter of automatic telephone switch- 
boards, I may say that such types of apparatus have during 
the past few years become a matter of great interest and the 
subject of much discussion among telephone engineers, and as 
I have made a number of special investigations into this subject 
I think it would be of interest if I here briefly state some of 
the results which I have obtained. 

Upon a first view of the case, the idea of using automatic 
machines and thus doing away with the labor of telephone 
operators appeals with much force, and the wonderful things 
which have been accomplished by labor-saving inventions 
naturally come to mind. Among all of these .projects for 
saving labor by automatic machines none seems more won- 
derful than the little machine which, when manipulated by 
the subscriber, will put him into communication with anyone 
out of thousands or tens of thousands of people scattered over 
a wide area. But in order that an automatic telephone switch- 
board should be properlv called a labor-saving machine, it 
must accomplish its work at an expense entailing less annual 
charges than would be required by the svstem which it at- 
tempts to displace. If it should be found that the annual 
charges of operating the automatic: system were equal to or 
greater than the annual charges of operating the manual svs- 
tem, then the automatic svstem would not be a labor-saving 
one, and, considered from the standpoint of costs, would be a 
failure. Whatever merit it would have, in that event, must 
be looked for in some very superior results in the wav of ser- 
vice. From these two points of view, I have considered the 
merits of the various automatic switchboard systems which 
have thus far been installed. | - 

I find that, taking into account all of the factors involved, 
and which go to make up the total annual charges which could 
properly be placed against the automatic switchboard system, 
on the one hand, and the manual system оп the ‘other: hand, 
leaving out of account switchboards suitable for use only’in 
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small villages and making comparison up to switchboards of 
10 000 lines capacity, that the annual charges upon the auto- 
matic svstem are substantially greater than the annual charges 
upon a manual system operated on the common-battery mul- 
tiple plan. From the standpoint of costs, therefore, the auto- 
matic system fails when placed in competition with the common- 
battery multiple-board operated manuallv. 

Having found that the automatic system could not success- 
fully compete with the manual system in point of costs and 
annual charges, I made a careful investigation to determine 
whether the automatic system possessed any advantages of 
working over the manual system which might compensate 
for the extra annual charges which its use necessitates. For 
this purpose there were made about 7 500 service tests on' 
manual switchboards and automatic switchboards operating 
under practical conditions in different parts of the country. 
The results of these tests showed that the manual system 
possessed a most substantially greater degree of reliabilitv 
than the automatic system. The difference in speed of con- 
nection between the two svstems was so small as not to consti- 
tute a practical factor, the time elapsing between the start of 
the call and the answer of the called subscriber being in the 
case of the automatic system 19.9 seconds and in the case of 
the manual system 21.7 seconds. These figures include the 
time taken by the subscriber to answer, and even this small 
difference of time was found to be due to the fact that the 
subscribers whose lines were tested answered somewhat quicker 
in the automatic system than in the manual svstem. It will 
be seen, therefore, from tHese tests that the automatic system 
possesses no practical service advantages over the manual sys- 
tem and that it contains no elements sufficient to warrant anv 
part of the extra cost which its use involves. A full considera- 
tion of the details of the comparison of these types of switch- 
boards would lead me far beyond the limits assigned to this 
paper and would only result in showing that the alleged advan- 
tage of doing away with the operators at the central office 
are imaginary and not real. 

All of the foregoing relates to switchboard systems smaller 
than 10000 lines, no automatic switchboard of larger size 
having been installed. 

In order to determine whether for systems larger than 10 000 
lines the automatic principle might be applicable, I made. a 
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study, assuming a system of 100 000 lines to be equipped with 
automatic switchboards, and compared this with a similar 
system equipped with common-battery multiple switchboards 
operated on the manual basis. Here again the comparison 1s 
in favor of the manual board, both in point of annual charges 
and in respect to the service. 

In applying the automatic switchboard to this 100 000-line 
study, it was necessary to leave out of consideration a very 
large class of difficulties which crop out at every turn when the 
attempt is made to apply the automatic principle to the com- 
plex conditions which obtain in and around all large cities. 
Inasmuch, however, as the study showed that the automatic 
system is inferior to the manual system for a 100 000-line 
plant, it became unnecessary to take into account the large 
number of adverse factors which must be charged against the 
automatic plan of working. So important are these factors 
that it is safe to say that even if the annual charges on the auto- 
matic system were substantially less than those on the manual 
system, they would constitute such a serious objection to the 
automatic svstem as to bar its use. 

Throughout these investigations the importance of retaining 
at the central office operators to receive and attend to the 
subscribers’ calls has been emphasized in so many important and 
unexpected ways that I have no hesitation in saying that no 
plan thus far employed, which requires that the subscriber 
should operate a machine and send his call automatically to 
the central office, can successfully compete with the plan which 
requires that the subscriber should remove the telephone from 
the hook and send the call orallv to an operator at the central 
office. 

Closely associated and interwoven with the design and con- 
struction involved in telephone engineering is the matter of 
the materials to be used. To the proper choice of material | 
as well as to their proper arrangement in the plant, the tele- 
phone engineer must devote serious and constant attention. 
All materials which are permitted to form a part of the tele- 
phone plant must be carefully studied by the telephone engi- 
neer so as to obtain out of all those possible to use those 
which offer the best combination of first cost, durability, low 
annual charges, and high efficiency. 

Considering the almost innumerable varieties of materials 
used. all of which must be covered bv standard specifications, 
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the work of this branch of telephone engineering, taken bv 
itself, would require so much time to describe that I will not 
attempt to enter into it in апу detail, except to say that it 
constitutes one of the important duties of the telephone engi- 
neer. 

Intimately connected with this matter of the choice of 
material and making the specifications therefor is the comple- 
mentary function of accepting or rejecting that which 1s 
offered. The drawing up of the specifications must be attended - 
to with care so that they may be placed in the hands сї 
the purchasing agent, and be sufficiently intelligible so that 
any manufacturer or person skilled in the art can understand 
their purport, and supply without further information the 
articles desired. The drawing of such specifications is of 
great importance, for not only must the article desired be 
clearly described, but the language used must be such that 
no material other than that desired can be furnished under 
this specification. At the same time, while everv precaution 
must be adopted in the specification to exclude undesirable 
material, care must be. exercised that undue and exces- 
sive requirements should not be specified. Otherwise the 
cost of the materials would be unnecessarily increased. Here, 
as well as at almost every turn in the work of the telephone 
engineer, there is no safe side. If the specification is made too 
rigorous, and calls for material of a qualitv in excess of that 
which is demanded by the nature of the construction, loss will 
result. On the other hand, if the specification is drawn loosely 
Or So as to admit inferior material, loss will result owing to 
defective working of the construction in which such materials 
would enter. | 

So far as I have gone, I have described the more tvpical 
functions of the telephone engineer. In addition to this, there 
are constantlv arising questions demanding special investiga- 
tion. The range of these questions is almost unlimited, and 
their adequate treatment requires most laborious and serious 
effort on the part of the telephone engineer. While their 
range is so extended as to touch at some point almost everv 
field of engineering and. scientific. progress, and while the tele- 
phone engineer cannot be expected to be expert in all depart- 
ments of scientific investigation, he 1s required to direct such 1n- 
vestigations, emploving, as his judgment may dictate, experts in 
various departments to report upon those phases of the work 
in regard to which they may be best qualified to speak. 
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Thus far I have discussed the work of the telephone enginecr 
without particularly calling attention to his relations to the 
telephone organization at large. This relation can best be 
understood by stating that the telephone engineer in everv 
well-organized telephone company must, in the first place, 
broadly determine all of the important features of the plant . 
of the company, and he must in detail decide what sball be the 
nature of the construction and the method of operation of everv 
single item which constitutes the physical property of the 
telephone company. If, through defective design, a telephone 
cable is found to be ineffective mechanically or electricallv, 
it may be said in a properly organized telephone company that 
the fault lies with the telephone engineer. If, through de- 
fective design, the telephone switchboard is found to be un- 
suitable with respect to its maintenance or operation, the fault 
lics with the telephone engineer. So on through all of a mul- 
titude of items which constitute a telephone system. If, in a 
well organized and well administered telephone company, the 
plant is not constructed in accordance with the best state of 
the art, the fault lies with the telephone engineer. 

That this must be so will be made clear by describing the 
method which obtains in well organized telephone: companies 
of getting from the board of directors the necessary appropria- 
tions for carrying out all construction and reconstruction 
work. Under such conditions a development study will have 
been made and will have been approved by the business manage- 
ment. The traffic department will have, from its careful 
watching of the extent of the available facilities, given due 
notice of the time at which additions, changes, or renewals 
of switchboard facilities may be required, all of which are 
presumed to have been contemplated in the broad plans al- 
ready -approved by the business management. The - con- 
struction department will have, from its constant watching 
of the available cable and line facilities, given due notice of 
such changes, renewals, and additions as may be required in 
hese parts of the plant to accommodate the growing business 
and fit in with the approved general plan. In the case of the 
trafic department, the demands of the service having heen 
thoroughly studied by them and the essential data having been 
supplied to the engineer, the necessary detail studies, plans, 
and specifications are prepared bv him and an estimate pre- 
pared for the work required. A case will be made out setting 
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forth the nature of the work and the necessity therefor, and 
an estimate showing its cost and a specification describing the 
work in detail will be submitted to the management, and if in 
proper form, it will be duly approved. The estimate and 
specification will then be turned over to the proper department 
and, depending upon the nature of the construction, the work 
will be executed bv the telephone company itself or by a con- 
tractor. . 

This work must be supervised, as far as may be necessary, 
bv the engineer, and upon its completion he must accept it 
or reject it. Having accepted it and having made a report 
to that effect to the business management, the transaction is 
completed. By this acceptance of the work, the engineer 
assumes full responsibility for its efficiency. 

So it is with the cable plant, except in this instance, as a 
matter of administrative efficiencv, the superintendent of con- 
struction may submit detailed plans for the extension to the 
cable and wire plants, following, however, general lines which 
have already been standardized bv the engineer. These plans 
and specifications having been accepted by the engineer, and 
the work having been passed. through the regular routine, 
the ultimate responsibility rests in the engineer's office. 

So it is with other features of the work. From beginning 
to end, the engineer is thus placed in a position to exercise 
a veto power upon anv adverse methods which might otherwise 
be allowed to creep in. 

The carrying out of this estimate svstem in this wav places 
final responsibilitv upon the engineer and recognizes in the 
most practical manner one of his most important functions, 
which is to coórdinate the various elements which must be put 
together in such a manner as to avoid conflict and produce a 
consistent symmetrical organism, each part of which will be 
designed and constructed with due reference to the functions 
which it must perform and also with due regard to the functions 
and importance of all other elements in the system. 

The importance of this coórdinating function cannot be 
over-estimated and it is only at some central point that such 
function can be exercised. Being judged from the main- 
tenance point of view, a piece of apparatus might have quali- 
ties of a high order, but when considered with reference to its 
effect upon the trathe, difficulties might be discovered which 
would entirely overweigh the maintenance advantages. In 
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such a case the conflicting claims with respect to the apparatus 
must be judiciously considered by the engineer, and his de- 
cision must be rendered with a view to producing the best net 
result. 

Again, systems might be proposed which, considered solely 
from the maintenance, construction, and traffic points of view, 
might seem to possess all of the advantages of an ideal ar- 
rangement, but when considered from the standpoint of the effi- 
ciency of transmission might be found to involve an impair- 
ment of transmission on one hand or such increase in cable 
and line costs on the other hand as to render its use out of the 
question. 

In order to exercise proper coordinating functions, it is es- 
sential that the engineer should be placed and should maintain 
himself in such relations with all of the departments of the tele- 
phone organization that he may get from them and fairly con- 
sider all of the projects and ideas pertaining to the design, 
operation, construction, and maintenance of the plant which 
naturally originate in ‘such departments when mney are con- 
ducted with proper efficiency. 

Viewed from this standpoint, it will be seen that while the 
function of the engineer with relation to the plant is of the 
utmost importance, nevertheless the work of the traffic, main- 
tenance, construction, and other departments has such an im- 
portant bearing upon the whole question, that the successful 
engineering of a telephone system must be regarded not only 
as the work of the engineer himself but as the work of all of 
the other departments concerned. Not only this, but what is 
still more important, the successful engineering of a telephone 
plant depends upon proper business management, as I have 
indicated by several striking examples. Without an intelli- 
gent. progressive, and broad-gauged business management, 
there cannot be good telephone engineering. 
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SOME FEATURES AFFECTING THE PARALLEL OPERA- 
TION OF SYNCHRONOUS MOTOR-GENERATOR SETS. 


BY J. B. TAYLOR.* 


In this paper the phrase ‘‘ synchronous motor-generator '' 
means an alternating-current synchronous motor directly con- 
nected to an alternating-current generator. The author’s in- 
tention is to point out some of the details of construction, 
connections, and method of operation that need to be consid- 
ered in order that a desired division of load will result when 
such units are operated in parallel. 


USES OF SYNCHRONOUS MOTOR-GENERATOR SETS. 


1. The most common usc of motor-generator sets is to effect 
a change in frequency, so that standard lighting apparatus, 
alternating-current arc lamps, etc., may be operated from a 
svstem of lower frequency designed primarily for railway or 
power purposes. For example, a railway svstem distributing 
high-tension current at 25 cycles to a number of sub-stations 
mav desire to take over, or develop, a lighting load; a motor- 
generator set, consisting of a 25-cvcle synchronous motor and 
60-cvcle generator, can be emploved for this purpose. Such 
a set, in addition to giving the desired change in frequency, 
has several incidental advantages for lighting purposes; for by 
means of an automatic regulator on the generator, constant 
voltage may be maintained on the lamp circuits independent, 
within limits, of fluctuations of speed and voltage on the 25- 
cvcle svstem. 

2. Such sets are also used as a means of interchanging power 
Foster for assistance in compiling this paper. | 
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between systems already established and operating at different 
frequencies. 

3. The operation of the single-phase railway motor calls, in 
some cases, for a motor-generator set with inverted frequencies; 
that 15, a 60-cycle synchronous motor in connection with a 25- 
cycle generator. With such a combination there may be ob- 
tained an energy transfer from a three-phase system to a single- 
phase system without unbalancing the three-phase system. 

A load with low power-factor on the 25-cvcle end of such a 
sct will have no more effect on the regulation of the system 
which supplies the motor than a load of the same number of : 
kilowatts at unity power-factor. 


DIFFICULTIES EXPERIENCED WITH EARLY INSTALLATIONS. 


Considerable difficulty was experienced with some of the first 
of these sets; for instance, a set on being started and connected 
in parallel with others already carrying a load would, on some 
occasions, refuse to take any of the load and at other times 
it would take a great deal more than its proper share of the load. 
These troubles were due, mainly, to lack of consideration of 
the possible combinations of phase relations of any given set 
depending on connections and load. It is also evident that 
suitable switching devices and method of procedure for a 10-pole 
—24-pole combination, operating between 25 and _ 60-cycle 
systems, will not be suitable for а 4-pole—10-pole combination 
operating between 25-cvcle and 62.5-cycle systems. As a 
result of these early troubles, a number of station operators 
retain the 1mpression that unless certain special combinations 
of field excitation are used at the instant of parallelling, the 
proper division of load will not result; and that once being con- 
nected in parallel, further changes in field excitation will have 
no effect. 


ANGULAR LAG AND PHASE DISPLACEMENT. 


In order to understand the operation of a synchronous 
motor, it 1s necessary to have some definite reference point. 
This reference point must rotate in synchronism with the 
electromotive force of the system connected to the terminals 
of the synchronous motor, and must also maintain the same 
phase relation to the electromotive-force wave. In Fig. 1, let 
А represent the reference point rotating about the point О, 
and let NS, ete., represent the four revolving poles of a syn- 
chrenous motor. Since the reference point А and the poles 
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N S, etc., rotate at the same speed, and since only the relative 
positions need be considered, the diagram at rest can be ex- 
amined with the same result as if the diagram rotated at syn- 
chronous speed with the observer stationed at the point 4A. 
If Fig. 1 represents the relative positions of reference point and 
field for the condition of no load on the motor, it 1s apparent 
that with a load the relative positions will be as represented 
in Fig. 2, in which case the rotating field will lag behind the 
no-load position by an angle A O N, the number of degrees 
in this angle being dependent on the load, the number of poles, 
the field excitation, and on the magnetic and electrical design 
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of the machine. If this motor be coupled to a generator 
having twice the number of poles, as indicated by N S, etc., 
it is apparent that the lag-angle А О № will cause the generator 
electromotive force to lag a corresponding number of electrical 
degrees, which will be twice as many as the number of electrical 
degrees displacement on the motor; for example, with a four- 
pole motor and 8-pole generator and angle A O N 10 degrees 
(mechanical), there would be a corresponding electrical displace- 
ment of 20 degrees for the motor and 40 degrees for the gen- 
erator. 

In addition to the phase displacement of the generator 
electromotive force due to the angular lag of the motor, there is 
a further displacement between the electromotive force of gen- 
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erator of set under load and set under no load, due to the 
phase difference between the generator induced electromotive 
force and the generator terminal electromotive force; the 
amount of this displacement depending on the amount and 
power-factor of the load, and also on the design of the gen- 
erator. Fig. 3 1s a vector diagram showing the electromotive 
force of the bus-bars (or machine running under load), current, 
inductive drop and resistance drop in generator, and induced 
electromotive force. In this diagram the power-factor of the 
load on generators is assumed at 100%. 

Fig. 4 is a similar vector diagram, with a power-factor 70%. 

These two actions taken together give a phase displacement 
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between the generator terminal electromotive force under load 
andj.under no load as indicated in Fig. 5; angle « being due 
to synchronous-motor lag, angle @ to generator reactance; the 
angle 0 15 the sum of these two. 


REQUIREMENTS FOR EQUAL (OR PROPORTIONAL) DIVISION OF 
LOAD. 

Two sets of identical construction, connected in parallel on 
both motor and generator ends, will each take the same amount 
of load, provided field excitations.are equal. If either set has 
a motor or a generator designed for closer regulation than the 
corresponding machine of the other set, the set having the 
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closer regulating machines will take more than its share of the 
load. 

Referring to Fig. 5: for a given load the angle @ will 
be smaller the closer the machines regulate. The closest 
regulating set, therefore, will Һахе ап electromotive-force wave 
in advance of the other set. thus taking more load, which tends 
to increase the angle; while the other set will take less load, 
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which tends to decrease the angle. The machines will, there- 
fore, settle down at that division of load which makes the 
angle 0 the same for both. The division of load is stable, 
as any displacement tending to increase the output from the 
generator of a set will also tend to reduce the load assumed 
bv the motor; and vice versa. 
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In the previous discussion it has been assumed that the 
mechanical construction of the two sets is identical. Since 
identical mechanical construction involves perfect alignment 
when machining the kev-wavs. milling slots for pole pieces, 
armature laminations. etc.. it is ditficult to construct two sets 
having an initial phase ditterence of less than two or three 
degrees; and this ditficultv increases with machines of different 


126 PARALLEL OPERATION. [March 23 


design and rating constructed at different times. This point is 
of first importance in machines of this class, as a manufacturing 
company may any day receive an order for a machine, say, 
of 1 000-kw. capacity to operate in parallel with machines of 
200 or 500-kw..capacity already in service and constructed four 
or five years ago. If slight differences in machining cause the 
generator of one set to have an electromotive-force wave in 
advance of the wave of the other sets, this machine will, at no 
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load on the system, reverse the action of the other sets, caus- 
ing the generators to act as motors, and the synchronous motors 
to act as gencrators. 

Fig. 6 shows the interchange of load between two sets con- 
structed at the same time, but differing by approximately four 
degrees on the generators. "These sets are of 500-kw. capacity, 
and when connected in parallel with no load there is an inter- 
change of 11.6 kw. between the generators. In this particular 
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case no energy will be returned by the synchronous motor 
of the lagging set, as 11.6 kw. is, obviously, insufficient to sup- 
ply the losses in 1000 kw. of apparatus. The set which is 
four degrees in advance of the other will, when under load, 
carry approximately 10 kw. more than the other set. The 
difference in this case being approximately two per cent. of the 
rating, is of little importance. 

‘Fig. 7 shows the division of load between two machines having 
a greater difference in construction. In this case these sets 
were also rated 500 kw., but one machine took approximately 
110 kw. more than the other. This difference, a matter of 2007, 
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DIVISION OF LOAD TWO 500 KW. 25-GOCYCLE 
SYNCHRONOUS MOTOR GENERATOR SETS 
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was corrected by drawing off one of the revolving fields, and 
replacing it with a new key so as to give an offset of a few 
hundredths of an inch. Now there is a difference of only 10 
kw. in the load taken by the two sets; this is satisfactory, being 
only 2° on the rating of the machine. 

Division of load among seven machines in the same station oper- 
ating in parallel is shown in Fig. 8. These machines are 
shown in Fig. 9. Three of these machines are of 250-kw. capa- 
city, three of 500-kw. capacity, and the other of 1000-kw. capa- 
city. It will be seen that the division of load is very nearly in 
proportion to the rating, except for the 1 000-kw. machine. This 
machine is of somewhat different design and of closer regulation 
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than the others, and, consequently, if adjusted to the same phase 
position as the other machines, will take more than its rated 
share of the load. In other words, it will act as if it were 
rated 1200 kw. If desired, it is easily possible to change 
the phase adjustment, so that when running with the other 
machines under full load the 1 000-kw. machine will not do 
more than its proper share of the work. This, however, would 
mean that under light load and no load its generator electro- 
motive force would lag behind the others, and its action be re- 
versed; that is, the 60-cvcle generator would tend to run as a 
svnchronous motor. 
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DIVISION OF LOAD Two 500KXW. 40-60 CYCLE 
SYNCHRONOUS MOTOR GENFRATOR SETS (BEFORE CORRECTION) 


Fic. 7. 


In Figs. 1 and 2, previously referred to, we have considered 
a set having twice as manv poles on the generator as on the 
motor, such a set as would be used in transforming from 25 
to 50 cvcles, or from 30 to 60 cycles. With this combination, 
and the motor connected to the mains, it is apparent that the 
generator will necessarily have proper phase relations for con- 
nection in parallel with generators of similar sets; because 
everv one of the north poles on the generator is directly in 
line with a pole on the motor, so that no matter which pole 
of the motor revolves nearest to the reference point A the 
relation between a north pole of the generator and the refer- 
ence point A will be the same. Consider, however, a set work- 
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ing between 25 and 60 cycles. The smallest number of poles 
possible in this combination is 10 for the motor and 24 for the 
.generator. Fig. 10 represents such a set. А study of this 
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figure will show that there are but two poles on the motor 
which must stand even with the reference point A in order to 
give proper phase relations on the generator end. Therefore, 
with one of these sets in service, to connect in parallel a second 
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set it is necessary to bring one or the other of these two poles 
to the reference point, the reference point being already 
determined by the set in service. This means that it is not 
sufficient to phase the set for one end only, but it must be phased 
for both motor and generator ends simultaneously. This may 
be done by one of several methods, as will be explained under 
methods of starting. 


| Муитишир OF STARTING. 


Synchronous motor-generator sets may be started by apply- 
ing alternating currents, preferably at low voltage, to either 
end of the set: With this method there is no need of syn- 


Fic. 9.—Sychronous Motor-Generator Sets, with Exciters. Motors, 
' cycles, 10,000 volts; Generators, 60 cycles, 2,300 volts. 


chronizing as | the term is ordinarily applied. It is, however, 
essential in some cases to make further manipulation to secure 
proper phase relations. 

Many of these sets are райана with direct-connected ex- 
citers, and in some cases these exciters are used as starting 
motors. Another combination is the use of an induction motor 
connected to the set, and -provided for the specific purpose of 
starting. Either of these last two methods requires syn- 
chronizing, and, as explained above, in some cases special or 
additional manipulations to. obtain proper simultaneous phase 
relations. 
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In order to secure proper phase relations at both ends of the 
set, the Chicago Edison Company makes use of a special syn- 
chronism indicator with two hands appearing on the same 
dial. The 25-cvcle synchronous motor is started by means of 
alternating current applied to its windings, and after syn- 
chronous speed is reached the 60-cvcle end has one chance in 
five of being correct for connecting in parallel with other sets 
already in service. The position of the 60-cycle hand on the 
synchronism indicator shows whether or not the phase relation 
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is correct. If incorrect, the switch supplying the svnehronous 
motor is opened and the sct begins to slow down; the two hands 
of the synchronism indicator begin to revolve at different speeds, 
the 60-cvcle hand making 2.4 revolutions for each revolution 
of the 25-cycle hand. There is one instant when both hands 
will appear at the top of the dial at the same time, indicating 
proper phase relations for both machines; at this instant the 
operator closes the switch on one machine, and as soon as the 
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switch on the other machine is also closed the set is in parallel 
with those already in service, and takes its proper share of the 
load. 

Similar sets at the Amsterdam sub-station of the Fonda, 
Johnstown & Gloversville Railway Company are started by 
means of alternating current at approximatelv one half the line 
potential, 13 200 volts. In this station transformers supplying 
synchronous converters are incidentally used as compensators, 
to obtain the half-voltage for starting the synchronous motors 
of the lighting sets. When the set has reached synchronous 
speed, however, a different method from that emploved at 
Chicago is used to obtain proper phase relations on the 60-cycle 
generator. i 

Referring again to Fig. 10, it will be seen that there is one 
chance in five of the generator potential being in phase with 
the bus-bars. Phasing lamps and voltmeter connected be- 
tween the incoming generator and the bus-bar show whether 
or not the phase relation is correct for connecting in parallel. 
If this phase relation is correct the voltmeter reading is normal 
and the lamps burn at normal brilliancy. Any one of the other 
four possible phase relations will, however, give a different 
reading on the voltmeter and only partial illumination of the 
phase lamps. A double-pole, double-throw reversing switch in 
the circuit of the svnchronous-motor ficld is emploved to step 
the motor back one pole successively at a time until the gen- 
erator stands in the same phase relation to the bus-bar or to 
the machine, or machines, already in service. As stated pre- 
viously, each pole of the motor corresponds to 2.4 poles on the 
generator, which is equivalent to one complete cvcle and 72 
degrees additional. As stated above, there is one chance in 
five that the generator potential will be in proper phase, in 
which case this stepping back, or “ slipping " of the motor 
wil be unnecessary. As it is purely a matter of chance which 
one of the five phase positions exists at the generator, it will 
usually be necessary to reverse the motor field successivelv 
two or three times; in the worst case it will be necessary to 
reverse the motor field four times in succession. After the cor- 
rect phase position has been obtained the generator may be 
connected to the bus-bars, and the set will take its share of the 
load. 

The same method is followed by The Milwaukee Electric 
Railway & Light Company. Synchronous motors are started 
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by means of compensators. А 60-cycle synchronism indicator 
shows which of the five phase positions obtains at the gen- 
erator. One of these positions is correct for parallelling, and 
the remaining four points are marked 1, 2, 3, 4, indicating the 
number of times that the motor field-switch must be reversed. 

The sequence of operation in placing a set in service in this 
manner, is then as follows: 

1. Close the oil switch connecting the synchronous motor to 
half voltage taps on compensator transformers. 

2. When the motor has reached synchronous speed, excite 
the fields of both motor and generator. 

3. Reverse the field of the synchronous motor—unless the 
generator happens to be in proper phase—until the indicating 
devices show that the correct position has been obtained. 

4. Transfer the synchronous motor from the half-voltage 
taps to the 25-cycle bus-bars; this is done by means of a double- 
throw switch, or its equivalent of two separate sw nee mechan- 
ically or electrically interlocked. 

5. Connect the 60-cycle generators to the bus-bars. 

The mode of operating this combination has been described 
in detail, as the method is general and may be applied to sets 
having any combination of poles, speeds, and frequencies, al- 
though for those sets in which the ratio between motor poles 
and generator poles is a whole number, the generator phase 
relations must of necessity be correct. Also, for certain other 
combinations in which there is one chance in two of the gen- 
erator polarity being correct, a field-reversing switch on the 
generator serves quite as well as one on the motor, and slightly 
simplifies the operation. Furthermore, in certain special com- 
binations of poles, ficld-reversing switches on both motor and 
generator may be employed, this combination reducing the num- 
ber of times that the motor field must be successively reversed 
to bring the generator to its proper phase position. 

Obviously, in those cascs where the sete are started by such 
means as direct-connected exciters or induction motors, we 
may use either a double synchronism-indicator, connecting 
either motor or generator to the bus-bars at the instant when 
the indicators show proper phase relations for both machines, 
or we may merely synchronize the motor by the ordinary 
methods, and then obtain proper phase position for the gen- 
erator by suitable field-reversing switches. 
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Ц 25 | 125 
164 | 663 
H| 25 | 100 
I| 163] 75 
25 | 50 
IV| 25 62.5 
v| 25 | 60 
у 25 | 60 
ҮШ 25 58) 
25 | 50 
vill 30 | 60 
IX| 334 | 60 
X| 35 60 
Х| 25 40 
хп 40 | 60 
XIII] 25 35 
XIV| 25 334 
25 30 
XV| 50 60 
XVI| 25 25 
XVII| 25 164 
XVIII} 40 25 
хїх| 60 25 
хх} 60 24 
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PHASES. 


3 or 
3 | single 
3 3 

3 3 

3 ог 
3 2 
3 3 
3 2 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

pans СРР 9 * uw 
3 3 
Г 

PUN | = 
3 3 

3 | single 

3 or 

3 single 

d or 

3 single 

3 ofr 

3 single 

3 or 

3 single 


TABLE 1. 
DATA ON SOME SYNCHRONOUS MOTOR-GENERATOR SETS. 


POLES. 


2 
4 


Motor | Gen. [Motor | Gen. [Motor | Gen. 


10 


4 etc. 


14 


[March 23 


Chance of gen. 
phase coming 
right when start- 
ed by syn. motor 


Certain 


Certain 


——— — ——— — 


— ——— | ————— |- — —— — — —— 


Speed Ratio 
rev. of fre- 
per min.|quencies 

1500 
750 5 
1000 
1500 4 
1500 3 
1000 
750 
375 2.5 
300 2.4 
300 2.4 
500 2.333% 
1500 
1800 2 
400 1.8 
300 1.714 
300 1.6 
1200 
600 1.5 
300 1.4 
500 1.334 
300 
600 1:2 
750 1 
500 0.664 
300 0.625 
300 0 416+ 
720 
360 0.4 


lin 5 


Certain 


lin З 


1 in 24 


l in 5 
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XX 


REVERSING FIELD-SWITCH. 


Used on synchronous 


motor to give correct 
phase by slipping 
poles successively. 


yes 


Generator. 


— ae ale —Á 


——— —MÀ ———— 


- — ——— —À 


Used on 


Number of phase 
positions and number 
of degrees apart by 


changing connections. 

No Degrees. 
6 69° 
6 60° 
6 60° 
12 30° 
30 12° 
20 18° 
18 20° 
6 60° 
30 12° 

42 8.57° 
30 12° 
12 30° 


30 12° 
18 20° 
30 12° 

6 60° 
18 20° 
48 7.5? 
24 15? 

"30 


Maximum error 

in construction 

not eliminated 
by changing 

. connection. 


—Ó 


-——À 


—— — — 


6? 


* For these sets field reversing switches on generator, as well as on motor, reduce the 


number of “ slips ` 


required to give correct phase relations. 
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TABLE OF DATA ON SYNCHRONOUS MoroR-GENERATOR SETS. 


The accompanying Table 1 gives in tabular form the data 
on some synchronous motor-generator sets. There is prac- 
tically no limit to the number of combinations of frequencies 
and phases which might be employed; the endeavor has been to 
make the table representative of machines already constructed. 
and of a few sets which might be required. The frequencies 
listed are those in more common use in this country. Obviously, 
the same data will apply to machines operating between 25 
and 50 cycles as between 30 and 60 cycles, etc. It is also evi- 
dent that the ratio of the number of poles for the two machines 
of a set determines the special features affecting operation; so 
that it is immaterial as far as this table goes whether a set 
working between 40 and 60 cycles is made up of a motor hav- 
ing 4, 8, or 12 poles, provided the generator of the set has 
respectively 6, 12, or 18 poles, etc. It should be noted, however, 
as a matter affecting the ccst of machines, that for a ‘given 
frequency ratio there is a minimum number of poles; for ex- 
ample, it is a physical impossibility to construct a set for work- 
ing between 25 and 60 cycles with less than 10 poles on the 
motor, giving 24 poles on the generator.* Such a set, there- 
fore, must necessarily operate at 300 rev. per min. In the 
smaller sizes this speed means a machine of more cost than one 
of the same kilowatt output with fewer poles and operating at 
a higher speed. For this reason, where it is not deemed essen- 
tial to have the exact ratio of 25 to 60 cycles, the combination 
of a 4-pole motor with a 10-pole generator, which gives 62.5 
cycles, is frequently used. In some cases, for reasons of engine 
regulations, etc., it is desired to have a frequency under, rather 
than over, 60 cycles; in this case a set having a 6-pole motor 
and a 14-pole generator is used, which supplies 584 cycles, 
with 25 cvcles on the motor. 

Table II gives the number of cycles, phases, poles, and 
rev. per min.; the ratio of motor frequency to generator fre- 
quency; the chance of the generator phase relations being cor- 
rect for parallel connection when the sct is started from the 
synchronous motor; the proper equipment of field-reversing 
switches when this method of securing correct phase relations 
is to be used; the possible number of phase positions at the 
generator bv using all the different combinations of соп- 


*An ‘inductor alternator” type of set might have 5 and 12 poles. 
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nections on both machines of importance when the set 
is installed, but once the proper connections have been 
made, should not be confused with the column giving 
the number of chances in regular operation of phase relations 
being correct on the first trial. The last two columns give the 
number of degrees of phase between all the different points 
obtained by combinations of connections, and the maximum 
possible difference in phase degrees which may be found be- 
tween the generators of two sets—due either to different manu- 


TABLE II. 
PHASE DIFFERENCES AT GENERATOR OF THE SYNCHRONOUS SBT. 


Motor, 10 poles, 25 cycles, 3 phase, 300 rev. per min. Generator, 24 poles, 60 cycles, 3 phase. 


Gen. Leads 1-2-3. Gen. Leads 2-3-1. Gen. Leads 3-1-2. . 
E ee | n | e d 
c vci араа olt = 
+ 0° 180° 120° 300° 240° 60° (470) 
— 72 252 192 12 (372) | 312 132 
+ 144 324 264 84 24 (384) | 204 
— 216 36 (396) | 336 156 96 276 
+ 288 108 48 (408) | 228 168 "348 
— 0(360) | 180 | 120 300 240 60 (420) 


Norte: No additional positions obtained by interchanging the motor leads; 288° and 216° 
already obtained. 


Order of Motor Degrees Corresponding Degrees 
Leads. Motor. Generator. 
1-2-3 | 5 0° 0° 
2-3-1 120° 288° 
3-1-2 240° 216° (576) 


facture, or to mistakes and errors in designing, winding, and 
machining. The number of degrees in this last column is, ob 
viously, one-half the number of degrees in the preceding column 

The table of data on the above machines might be extended 
to indicate the connections for each of the different positions. 
It is thought, however, that if these data are given for a single 
machine, corresponding figures for any other machine can be 
worked out with little difficulty. The set chosen to illustrate 
this is the 10-pole — 24-pole combination working between 
25 and 60 ¢vcles: see Table II. Assuming that the gen- 


BB PARALLEL OPERATION. __ [March 23 


erator leads are connected in the order 1-2-3, and the motor 
leads in the order 1-2-3, the first column gives the phase differ- 
ences obtained bv successively reversing the motor field. As- 
suming that the phase relation is proper at the outset, a re- 
versal of the motor field would give a phase displacement of 
72°, the next reversal 144°, the next 216°, the next 288°, and 
the next 360°, which is equivalent to zero degrees; or, in 
other words, we have come round to the second correct po- 
sition. For each of these phase positions obtained by reversing 
the motor field there is a corresponding phase 180° removed, 
obtained by reversing the generator field. This gives the 
second column of figures, 180°, 252°, 324°, 36°, 108°. If the 
motor leads, instead of being in the order 1-2-3, are connected 
in either order 2-3-1, or 3-1-2, for this particular set there will 
be no additional phase positions obtained; that is, 120° change 
in phase at the motor by thus interchanging the leads results 
in 2.4 times as many degrees change at the generator. This 
is 288°, which, by referring to Table II, 1s found to be iden- 
tical with one of the points already obtained by successively 
reversing the motor field. However, for the generator, changing 
the leads from the order 1-2-3 to 2-3-1, gives a phase difference 
of 120°, which is a new phase position, and for this connection 
we obtain the column 120°, 192°, 264°, 336°, 48°, bv 
reversing the motor field. For each of these phase positions 
there is the corresponding one 180° removed, obtained by re- 
versing the generator field, giving the column 300°, 12°, 84°, 
156°, 228°. Similarly interchanging the generator leads to the 
order 3-1-2, enables us to obtain the phase positions 240°, 
312°, 24°, 96°, 168?, and, as before, for each of these positions 
by reversing the generator field we obtain the last column, 
60°, 132°, 204°, 270°, 348°. Collecting these figures and ar- 
ranging them in order shows that there are 30 different phase 
positions differing by 12°. 

If a similar table is worked out for cach of the sets in the 
table, it will be found that for some no additional phase posi- 
tions are obtained bv interchanging the motorleads. Forother 
sets the same results are obtained by interchanging the motor 
leads as by interchanging the generator leads. It is, therefore, 
immatenal with such sets which machine 1s selected for making 
the changes. 

Still other sets give a different series. of figures for changes in 
the motor leads from the figures obtained for changes in the 
generator leads. 
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As an example of the method of using this table let us follow 
through set VII for working between 25 and 584 cycles, both 
the generator and the synchronous motor being assumed as 
three-phase machines. See Fig. 11. The number of poles is 
6 for the motor and 14 for the generator, requiring the set to 
run at a speed of 500 rev. per min. The ratio of the poles, 
also the frequency, is 24. If started from the synchronous 
motor, there is one chance in six that the generator will be 
in proper phase relation for parallel connection to the other 
sets. The proper phase relations must be obtained by a field-: 
reversing switch on the motor, five reversals being required 


Fic. 11.—Svnchronous Motor-Generator Set with Direct-Connected Ex- 
citer. 300 h.p. Motor, 25 cycles, 3 phase, 6 poles, 500 rev. per min.; 
200-kw. Generator, 583 cycles, 3 phase, 14 poles. 


in the worst position. ЇЇ a field-reversing switch is also pro- 
vided for the generator, but two reversals of the motor field 
will be necessary in the worst positions. : 

. The combinations of generator and motor main lead and . 
feld connections with this set give 18 phase positions on the 
generator, each 20 degrees apart. Therefore, if 1t 1s found that 
there is a phase difference between two generators greater than 
10?, the best combination of connections has not been made, 
and this point should be attended to before any mechanical 
changes are made. When the phase difference has been brought 
down to 10°, or less, if this difference is found to affect the 
division of load appreciably, any further change must be some- 
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thing that will affect the mechanical relation of one machine 
with respect to the other. If the difference is small, this 
may be accomplished by means of changing the shims under 
the machines, large differences being corrected at the coup- 
ling, in case there is one, as in Fig. 12; or on some of the later 
machines designed for this purpose, by rotating the stationary 
element the required number of degrees. Such an adjustable 
set is shown in Fig. 13. 


DIVISION OF LOAD WITH PHASE DISPLACEMENT. 


Fig. 14 shows the interchange of load between two similar 
500-kw. sets working between 25 and 60 cycles. This curve 


Fic. 12.—Synchronous Motor-Generator Set with Shaft Coupling. 
Motor, 25 cycles, 3 phase, 8 poles, 375 rev. per min.; 400-kw. Gener- 
ator, 624 cycles, 2 phase, 20 poles. 


gives the wattmeter readings, showing interchange of load 
between the two 60-cycle machines when connected in parallel 
with a given phase displacement. The 30 different phase 
positions were obtained by changing connections, as outlined 
previously. The wattmeter readings were obtained from poly- 
phase instruments, and during the test the excitation of the 
synchronous motor was held so as to keep the power-factor 
indicator at 10095; the generator voltage was held at normal, 
2 300 volts, by changing field excitation as required: by the load. 
It will be seen that the curve does not cross the base line at 
zero degrees, these being machines which have been referred 
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to in another part of the paper as having an initial phase dis- 
placement, due to slight errors in machining, of approximately 
four degrees. 

MISCELLANEOUS. 


Where a number of synchronous motor-generator sets are 
operated from the same exciter bus-bars, a reversal of exciter 
polarity will affect all the setsin the same manner, and hence will 
givenotrouble. Itshould be noted, however, that when the ma- 
chines are provided with individual direct-connected exciters, or 


Fic. 13.—Synchronous Motor-Generator Set. Stationary Armature of 
Motor is Adjustable. Motor, 40 cycles, 3 phase, 12 poles, 400 rev. per 
min.; 1000-kw. Generator, 60 cycles, 2 phase, 18 poles. 


when two or more sub-stations are operated in parallel, a reversal 
of one exciter may seriously interfere with the ability to con- 
nect this machine, or the entire sub-station in parallel with 
others. This point, like many others in connection with these 
sets, does not hold for all the different combinations of fre- 
quencies; but, unless borne in mind and understood, may be 
a source of sudden inability to make use of a machine for 
carrying the load. 

It has been previously noted that the generator of a set, 
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force in advance of the bus-bars, or machines already under 
load. This means that with the usual method of procedure, 


before connection to the bus-bars, has a terminal electromotive 
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at the instant of connecting the machine to the bus-bars, it 


thas a tendency to take momentarily more than its share of 


In practice, however, this is not found to be a serious 


objection, although it might be obviated in' various" wavs; 


the load. 
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for example, a reactive coil in the motor leads would allow 
sufficient phase difference between the motor bus-bars and the 
motor itself to give the same phase relation at the generator 
terminals as at the generator bus-bars. After connecting the 
generator to the bus-bars the reactance can be gradually cut 
out; or, if left in, could be used to permit a change in division 
of load by adjusting the motor-field excitation. If the gen- 
erator is connected to its bus-bars before the motor is connected 
to its bus-bars, the set will settle down to its proper division 
of load by the reverse process; that is, instead of first taking 
more than its share of the load and then settling down, the 
generator will, for a short interval of time, act as a motor and 
gradually assume its proper load as a generator. It should 
also be noted that there will be a given excitation for an in- 
coming generator, which will give a minimum disturbance on 


TABLE III. 


EFFECT ОР CHANGING EXCITATION ОР SYNCHRONOUS MOTOR ON DIVISION OF Loap. 


MOTOR-GENERATOR NO. 5. MOTOR-GENERATOR NO. 6. 
Total Load. | ———————— 
Power-factor at Load on Power-factor on Load on 
Syn. Motor. Generator. Syn. Motor. Generator. 

ee ee PREPARE RACER due aic lu PE SPLINE vic P 
880 kw. | 1.00 440 kw. 1.00 | 440 kw. 
872 kw. 0.90 weak field 397 kw. 0.96 strong field 475 kw. 
873 kw. 0.95 strong field 486 kw. 0.90 weak field 387 kw. 


the system, and this excitation having been found experi- 
mentally, there should be no appreciable flicker in the lights 
while connecting the new machine. 

An interesting condition that might arise with sets in which 
the ratio of frequency is quite large, would be a phase dis- 
placement of 180? or more between the set under load and the 
set under no-load. This might occur with a set operating 
between 25 and 125 cycles; asan angularlag of 30? on the motor 
end would mean 150? on the generator end, and an additional 
angle of 30? in the generator itself would give 180°. Under 
these conditions it would be impossible properly to parallel 
the set under no-load with the set carrying a load, except by 
some manipulation which would reduce the angle to less than 
180°. One way of accomplishing this would be to connect an 
artificial load on the set to be placed in service. 

Some change in the division of load between sets may be 
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effected by changes in excitation of generator, or motor, or 
both. Such means of securing division, however, is not to be 
recommended; it 1s done at the expense of leading or lagging 
currents, with consequent increased heating losses. | 

Table IIT shows the effect on division of load between two 
simular 500-kw. sets as a result of changing the excitation of 
synchronous motors, The stronger the field of the synchronous 
motor the less will be the angular lag for a given load, and, 
consequently, increasing excitation of the motor tends to make 
the sct carry more than its share of the load. 

The present general tendency toward extension and consolida- 
tion means that more and more systems will touch and overlap 
their neighbors, which may have started at different frequencies. 
We can, therefore, look for an increasing use of the synchronous 
motor-generator set. 
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Discussion ON “А SELF-EXCITING ALTERNATOR,” AT NEW 
York, JANUARY 26, 1906. 


A. E. Kennelly: This paper is, I think, extremely interest- 
ing, because of the apparent simplicity of the means that 
have been adopted, not onlv for the exciting, but also for the 
ccmpounding of the alternator described. The first dynamo 
machines were, of course, separately excited, and it was con- 
sidered a great step to make them compounding. When 
alternators came into use, it was considered much more difficult 
to make them self-exciting, on account of the direct current 
required by the field, the armature producing alternating cur- 
rent. Self-exciting was considered more important for them 
than compounding, because in the case of alternators it was 
not the IR drop that had to be compounded, but the IZ 
drop; a: two-dimension problem instead of a one-dimension 
problem, and therefore more difficult as the square, so to speak. 

In the past, various methods have been used for compounding 
alternators, but these reached only partial success in practice, 
and have not been regarded as available for high-voltage ma- 
chines. Here, however, secms to be a means for alternator 
ccmpounding applicable to machines of any voltage and on 
any load. In fact it looks as if a station fitted with such ma- 
chines as these—if they work out satisfactorily in practice— 
might have no machines but the main turbo-generators, no 
auxiliaries for driving exciters, and no synchronizers; so that 
the station operator would just close the alternator switch 
when he so desired, and throw any machine on as soon as it 
came up to speed. If this is really more than a dream, some- 
thing to be hoped for in the near future, I think it is a result 
upon which not only the author of the paper, but the entire 
INSTITUTE, may be congratulated. 

C. F. Scott: The sclf-exciting of alternators 1s so interesting 
and involves so many features that one can scarcely do justice 
to it without more careful consideration than has been possible 
this evening. 

The method that has been described this evening certainly 
overcomes a great many of the difficulties encountered in 
early alternator design; this method is ingenious, and it pos- 
sesses characteristics that apparently render it superior to 
many other methods which have been proposed for accom- 
plishing the same results. 

An objection to this m2thod of exciting and ccmpounding 
is that the alternator is quite sensitive because it is self-ex- 
citing, and variations in the general voltage, particularly 
variations in speed, are immediately transmitted to the exciter. 
In plants driven by water-wheels the speed is subject to con- 
siderable variation; in a case like this the voltage regulation is 
apt to be more nearly constant if the exciting voltage is ob- 
tained from an independent source. If the load is heavy and 
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the spced drops there is especial necd for exciting current, 
whereas under these conditions the self-exciting machine 15 
apt to have a falling cff in field current. On the other hand, 
when the load is thrown off and the specd rises, either because 
the governor is sluggish, or fails to act at all, the voltage will 
rise very considerably, as the field current increases with the 
speed. This characteristic is inherent in all self-exciting ma- 
chincs, 

The field of a direct-current generator 1s usually much more 
highly saturated than is the field of an alternator, consequently 
the alternator is much more sensitive to variations. Some- 
timcs the exciter 1s driven either directly or indirectlv frcm the 
main alternator, so that the speed of the exciter is subject to 
the variations in the speed of the main alternator. Even this 
has not been satisfactory in some cases of widely fluctuating 
load, and a separately-driven exciter at constant speed has 
been found an acceptable remedy for avoiding the previous 
variations in voltage. I am cf the opinion, therefore, that 
self-excitation is not, to say the least, a complcte and universal 
solution of the problem of excitation of alternators. 

W. І. К. Emmet: I have scen this device working under 
very trying conditions, and its performance was astonishingly 
good. It is the quickness of its actien that is astonishing. I. 
have seen a machine of this kind suddenly thrown on hcavy 
inductive loads of more than full-lcad capacity, without a sign 
of sparking on the commutator, or appreciable flickering in 
the lamps. The nature of the device is such that it is capable 
of application to any size machine, because it can be arranged 
in multiple circuits, with no more current in any one circuit 
than that used on small machines. Experience indicates 
there is almost no limit to the application of the idea. I think 
the final results are chiefly due to the care with which Mr. 
Alexanderson has worked out the proportioning of everything 
concerning it. 

As to the variations of speed, that is a limitation in all self- 
exciters; at the same timc, if this device is employed, it can 
be compounded for specd as well as for load, as most machines 
are governed bv load; a machine with this device is capable 
of doing this particularly well. 

A. S. McAllister: The phase position of the voltage gener- 
ated in the auxiliarv winding depends on the mechanical posi- 
tion of the winding on the core, and the phase position of the 
voltage in the series transformers depends upon the power- 
factor of the load. At non-inductive load these voltages add 
at a certain angle, and at inductive lcad thev add at a cifferent 
angle. <A change in the angle is equivalent to a change in the 
position of the brushes, and I would ask if this change has any 
effect on the commutation when the load is varied from its 
full inductive to its full non-inductive value without moving 
the brushes? 
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E. F. Alexanderson: The difficulty is apparently to make 
the machine commutate properly for no load and non-inductive 
load, because the voltage impressed on the commutator is not 
of the same phase relation to the machine voltage at no load 
and full load. The field is, however, distorted bv the armature 
reaction at the same time as the voltage impressed on the 
commutator is shifted ahead of the electromotive force of the 
auxiliary winding. Therefore the position of the brushes at 
no load is nearly the best position for non-inductive load. At 
inductive load the voltage of the series transformer combines 
with the voltage of the auxiliary winding in a straight line, 
and at the same time the armature reaction combines with the 
field excitation in a straight line, and there 1s no reason what- 
ever for any displacement. 
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DiscussiuN ON '" POWER PLANT Economics,” AT NEW YORK, 


JANUARY 26, 1906. 


E. W. Rice, Jr.: In analyzing the losses that take place 
in the ccnversicn of a pound of coal into electricity in a steam 
electrical plant, Mr. Stctt makes use of the method that has been 
so successful in increasing the efficiency of electrical apparatus. 
Twenty years ago efficiencies of 75 or &0 per cent. were con- 
sicered entirely satisfactorv for electrical generators; but by 
careful attention to the core lcsses, iron losses, bearing losses, 
and cther details, the efficiency. has been increased to from 
95 to 98.5 per cent. For the large units this efficiency 15 now 
ccnsidercd stancard. In these matters the electrical engineer 
has fcrtunately been greatly aided by the ammcter, voltmeter, 
and wattmeter, which have been evolved to assist him. Un- 
fortunatcly, similar instruments do not exist for the examina- 
ticn of stcam engines cr stcam-engine cycles; if the steam engi- 
necr had the equivalent of the ammeter and voltmeter, I 
feel ccnfident that the efficiency of the steam enginc-plant 
wculd have been very greatly increased. 

At this pcint it is interesting to note the large saving 
that can be effected in item 3, ‘ Loss to Stack," in Table 1, 
by intelligently following out the indications given by the 
CO, mccrcer, а mcst useful instrument. The author shows 
quite ccnclusively the high efficiency of steam auxiliaries. 
This naturally follcws frcm the fact that the latent heat can 
be usefully «mplcycd to raise the temperature of the feed 
water. It is evident that in a case where the heat of exhaust 
can be usefully «employed, the mechanical power can be ob- 

tained at high cfficicncy by using stcam in a steam engine 
between bciler pressure and atmcspheric exhaust. A familiar 
illustraticn cf this is to be fcund in the use of exhaust steam 
from high-pressure engines to heat buildings. During the 
pcricd and to the extent that such exhaust steam can be utilized 
fcr this purpese, or for manufacturing purposes, mechanical 
pewer can be cbtained at high efficiency by the use of simple 
or ccmpcund cngines operating from boiler pressure down to 
the pressure of the exhaust. In this case the engine may be 
ecnsidercd as a simple reducing valve, reducing the pressure. 

Frem the standpcint of convenience, simplicity, reliability, 
and avcicance of unnccessary steam pipes, no doubt there 1s 
much to be said in favor of electricallv-driven auxiliaries, but 
they cannct compare in heat efficiency with steam-driven aux- 
ilarics. It is unfortunate that no way 15 known at present 
of overccming the losses, sc me 60 per cent., of heat units re- 
jected to the cendenser. This emphasizes the importance of 
wcrking with the highest pessible vacuum. Before the intro- 
ducticn cf the stcam turbine, there was no demand for a vacuum 
greater than 26 inches. The steam turbine is so admirably 
adapted to working over the lower ranges of pressure, that 
immediately a demand arose for the use of higher vacuum, 
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and it 15 now common to find vacua of 28.5 to 29 inches 
the barometer being assumed at 30. 

Mr. Stott calls attention to the large increase in cutput and 
the improvement of efficiency which results from interpcsing a 
turbo electric unit between the exhaust nczzle of the rectpro- 
cating engine and the condenser. In Philadelphia there are 
two 800-kw. turbo generators operating exactly accorcing to 
the plan proposed by the author of this paper. One of 
these units has been in operation for the last two months, 
and the other is, І believe, just started. Asa result, there 
has been added to the power plant a capacity of from 1 600 
to 2000 kw. without any adcitional consumpticn of ccal or 
appreciable addition to the labor. If encugh turbines were 
placed in operation in such a plant to utilize all of the exhaust 
steam, the output could be easily increased by some 66 per 
cent. The increased investment would pcssibly be but one- 
half of the original investment in such a power station. 

In view of the higher efficiency of the steam turbine as com- 
pared with the reciprccating engine in the lower ranges of pres- 
sure, 1t will be fcund profitable to employ a stcam turbine 
for even a smaller range of pressure than that between atmo- 
sphere and 28.5 inches; in other words, a steam turbine may 
be inserted in the exhaust between the low-pressure cylinder 
and the condenser in almcst any reciprcecating-enyine plant. 
In this case a steam turbine would work over а range of, say, 
between 20 and 28.5 inches of vacuum, ccrrespcncing in abso- 
lute pressures to between 10 10. and 0.75 Ib. 

I am not quite sure that Mr. Stott reccmmends the combina- 
tion of reciprocating engine and steam turbine in the exhaust 
as scmething to be considered in planning a new station. If 
so, it seems to me that the advantages gained by such a com- 
bination would not offset the added ccmplexity. I believe, 
however, it is a most excellent means of increasing the econ- 
omy, by adding to the output, of existing reciprccating-engine 
stations. In considering the applicaticn of steam turbines to 
the lower range of pressures, I have found the follcwing table 
of value: 


Number of ft-lb. per lb. of energy in steam between 175 1b. 
absolute and 0.75 1b. absolute, or 28.5 in. vacuum 262 000 
Between 2 lb. absolute, or 26 in. vacuum, and 28.5 in. .226 600 
Between 5 lb. absolute, or 20 in. vacuum, and 28.5 in. .157 000 
Between 14.7 lb. absolute, or atmospheric pressure, and 
29. D Mists deste Sui 8 QU 4 СК ТАРИИ 139 000 


It will be observed from the latter figure that some 5367, of 
the total available energy in steam, between 175 lb. absolute 
pressure and 28.5 in. vacuum, exists in the so-called vacuum 
portion, and that some 4067 of this energy remains between 
20 in. vacuum and 28.5 in. vacuum. 
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It is also important to remerrber that if the vacuum can be 
increased from 28.5 in. to say 29.4 in., the ft. lb. available are 
increased about 12 per cent. 

The author's suggestion of a new type of plant, to obtain 
the benefits of the gas engine and unite that with the well- 
known flexibility and overload capacity of the steam turbine, 
is certainly interesting. The gain in total efficiency is so re- 
markable as to warrant careful and respectful consideration. 
I cannot help being surprised at the low estimate of the relative 
cost of maintenance and operation of a gas-engine plant as com- 
pared with the estimates for reciprocating engines or steam 
turbines, aside, of course, from the iter. of coal. I was not 
aware of the existence of sufficient data of this character to 
warrant such figures. 

A word as to the original investment, in considering the 
relative investment of a plant consisting of reciprocating en- 
gines, whether gas or steam, particularly the steam type, as 
compared with the rctary engine of the stcam-turbine tvpe: 
I think it pertinent and important to consider that reciprocating 
engines have been built for many vears, that the methods of 
design and manufacture are familiar, and that the cost of 
manufacture has, probably, therefore been reduced to a min- 
imum. It is hardly reasonable, therefore, to look for any 
future material reduction in the price of such reciprocating 
units. The steam turbine, however, is of a comparatively 
recent date, and it is reasonable to expect, looking forward 
five or ten years, that improvements in methods of design or 
manufacture will result in a very material reduction in cost. 
Furthermore, I have been informed that the cost of recip- 
rocating engines of large size reaches a minimum at sizes of 
units even below those which are now used in large stations, 
and the cost may be expected to increase with anv material 
increase in size. On the cther hand, the steam turbine shows 
no such limitations, as there are now in course of manufacture 
turbine units of 8 000 or 10 000 kw., non.inal rating, capable, 
of course, of the usual 50 per cent. overload, or even double 
load momentarily. The original investment becomes a most 
important factor in the operating cost of a power plant, as in- 
terest, depreciation, maintenance, are, other things being equal, 
substantially proportional to the first cost. 

It seems to me that while we cannot ignore апу substantial 
increase in the efficiency of conversion of coal into electricity, 
the central station designer must in the future, even more 
than in the past, give due heed to the important questions of 
simplicity and reliability. The plant should have the highest 
practicable degree of working efficiency, but it must above all 
things be reliable. I believe that in simplicity and reliabilitv 
the steam turbine will outdo all rivals. I cannot help feeling 
that the modern station has developed into a very complicated 
makeup. I would like to see the units reduced to the fewest 
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practicable number, not only the generating units, but the boil- 
ers, auxiliaries, steam pipes, switchboard appliances, etc. The 
safety devices and instruments should be as simple and as few 
in number and variety as is consistent with reliable operation 
of the station. 

Charles E. Lucke: I think that the author of this paper 
has evidently sought to find a place for the reciprocating engine, 
the steam turbine, and the gas engine. His main conclusion 
is, that for economy of power generation in cost per kilowatt- 
hour, including manufactured cost, with interest, depreciation, 
and other establishment charges, the gas-engine plant offers, 
in the present type of steam-power plant, much greater economy, 
twice as much, in fact, as the reciprocating-engine plant; and 
that with the combination of а turbo-generator and a gas-engine 
generator, there are stil greater economical advantages. In 
this connection it is necessary to remark that of all the power 
used throughout the United States, the number of horse power, 
generated in high-efficiency central stations is but a very small 
percentage. Тһе arguments which apply to stations similar 
to the station indirectly referred to by the author would not 
necessarily apply to all power stations under all conditions. 
There are conditions for everv installation. which will un- 
doubtedly determine its type, and these are very seldom con- 
siderations of high economy or thermal efficiency. If exhaust 
steam is needed in large quantities—in works where evaporating 
is to be done, or boiling, or washing, or heating of a building—- 
there can be no discussicn of power costs, and the power station 
simplv becomes a question of what steam engine units can be 
bought and kept in repair for the least money. Steam economy 
is a matter of no consequence in this case. If property is ex- 
tremely valuable and the current generated can be sold at a 
good profit, no matter what the price, then undoubtedly tur- 
bines must be selected. If there is an enormous quantity of 
gas available, as in a blast-furnace plant, then everything 
points to the selection of the gas engine. 

The average small power station for electric generation, 
when operated by steam, has a very much lower thermal 
efficiency and a very much higher power-cost, than have these 
large highly refined stations. If, as proved by the author, 
power-costs by gas are less for the highlv refined station, and 
if, as 1s the fact, the gas-engine station does not fall off in effi- 
ciency, nor rise in power cost as its size decreases, then it must 
inevitably follow that the small gas-engine plant for elcctric 
generation will have a higher relative value than the large one, 
compared with steam. The author shows by some very ex- 
cellent curves that the economy or efficiency of the whole plant 
wil vary with the load, and that for a steam plant the varia- 
tions are probably the largest and most controllable in the 
boiler room. Не also shows that the boiler economy is very 
much poorer at high, forced loads than under light loads, and 
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that the only way to guard against this is bv eternal watch- 
fulness. 

Corresponding to the boiler in the steam plant, there 
is a gas producer in the gas plant. The gas-producer is 
much less sensitive to changes in load, resulting in 
changes in economy, than the boiler plant. This, I think, is 
a strong point in favor of the gas-producer plant. Again, 
there is practically no electric station running on a steady 
load. The lcad changes are of two kinds: a steadily-nsing load 
from hour to hour during the day, and a correspondingly de- 
creasing Ісай; also a momentary fluctuation, a sudden rise and 
an equally sudden drop. The hour-to-hour changes are to be 
handled in a central station by putting on more units, or by 
taking them off. This means that in the boiler rocm there 
must always be a certain number of fires banked or in reserve, 
or bcth. Now, it is also true that the same conditions will 
prevail in the case of a gas-producer plant, but the coal con- 
sumed by banked fires or reserve fires in the gas producer is 
very much smaller than for the same horse power of steam 
bcilers. This is another point in favor of the producer gas. 
The ash loss, which is small in any case, becomes almost zero 
in the case of the gas prcducer; because 1n the producer there 
is always left a bed of ash in the bcttom, so that coal imme- 
diately after being burned does not fall through the grate bars 
as in the case of steam bcilers. 

The author calls attention to a lead economy curve for a 
gas engine, and draws the conclusion that a gas engine 
having this curve should not be used at anything less 
than half load, because its efficiency falls off so very much 
indeed toward no load. The conclusion is entirely justified 
with respect to the engine that produced this particular curve, 
but it is nct justified with respect to all gas engines. The 
reason for the econcmy of a gas engine varying with the load 
is to be found in the governing mechanism. This results when 
the governor of the gas engine acts as a throttle on the mix- 
ture; in such a case, for the entire suction stroke of the engine 
the piston must work against the constantly increasing vacuum 
clear to the end; that is, there will be a loss due to working 
below the atmospheric line. If the lost work of the engine, as 
effected by the governor action, 1s eliminated or reduced to a 
minimum, the economy load curve will be perfectly flat. The 
curve presented becomes then not a criticism of the gas-engine 
economy, with load, but a criticism of that particular type of 
governor which, I am confident, will disappear in time. 

The superior efficiency of the gas-engine plant is acknowl- 
edged, but not so often as it should be. The reciprocating 
engine has been a long time 1n reaching the efficiency it has to- 
dav. For years nothing was done to increase the efficiency 
of gas engines; and it is only within the last five or six years 
that there has been any marked activity in improving gas engine 
efficiency, reliability, and regulation. 
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It is well known that the efficiency of such a unit depends 
on the compression, and, therefore, other things being equal, 
the greater the compression before ignition, the greater the 
increase in efficiency. Theoretically, there is no limit to the 
compressing; practically there 1s, but I am confident that scme 
of these practical diffitulties will be overcome in time. At the 
present time mixtures of air and gas are being used in practically 
correct. chemical proportions, and the compression pressure 
now used is determined by the temperature of ignition of such 
a mixture. If such a mixture were diluted that is, 1f much 
excess air or neutral gases or internal cooling were used, then 
this mixture could be compressed very much more without 
pre-ignition, and a corresponding gain in efficiency would result. 
This has not been done up to the present time, simply because 
` по one has yet designed a proper proportioning valve for keeping 
the mixture constant for all conditions, and because no one 
has yet designed instruments that will indicate at a glance on 
a dial the proportions of air to gas, the percentage of dilution 
of mixture, the B.t.u. per cubic foot of gas, the B.t.u. per 
cubic foot of mixture, the mean effective pressure, and other 
similar information. 

As designed at present the gas engine can never regulate as 
well as the turbine. "There are gas-engine builders who insist 
that they can do as well in this respect as turbine builders, 
but the contention is ridiculous. The gas engine can, however, 
regulate alternators in parallel sufficiently well for most ordinary 
work, but the turbine can do even better. In Germany, last 
summer, I found gas engines as high as 4 000 h.p. single units 
running on dirty gas and on clean gas, on rich gas and on poor 
gas, and giving perfect satisfaction, chiefly because they were 
properly designed and properly handled. I found large units 
in blast-furnace plants, operating 24 hours a day, for eight . 
weeks without a stop or shut-down of any kind, and more than 
that, doing something which required most positive certaintv 
of operation. "These furnaces were absolutelv dependent on an 
air blast running exclusively on gas engines, and, in more than 
one case, without a single spare unit. "Thousands of dollars 
were involved in the certainty of the blast, and all went right 
on from year to year. In spite of sensitiveness to proper 
handling, some gas engines will run under extremely adverse 
conditions. In one place in this country I have found the gas 
very imperfectly cleaned, containing a great deal of grit and 
dirt that was finally carried into the engines in quite large 
quantities. Gritand dirt ina gas engine cause trouble; they grind 
out the pistons, interfere with the valves, and clog the gov- 
erning mechanism. But though all these things happened in 
this instance, the engines are still running. Recently I took a 
gas valve out of one of these engines, and scraped off 20 pounds 
of oil, ore dust, and coke dust. The valve had been in two 
months. The engine was still running, and doing its work 
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reasonably well. These are little facts which point a great 
moral. 

The gas engine has a maximum load capacity proportional 
to its piston displacement, and so has the steam engine. The 
steam engine is ordinarily operated at less than its maximum 
load, and is, therefore, said to have an overload capacity. The 
gas engine is said to have no overload capacity, because it 1s 
intended normally to operate at nearly its maximum load. Now, 
if a gas-engine plant were to be handled as the steam plant 15, 
then there would be considerable difficulty about meeting the 
load from this lack of overload capacity or the refusal of the 
gas engine men to operate their machines normallv at part 
load; but there is ancther wav out for the gas engine which 
has not been mentioned and which ought to be, and that is 
the possibility of cutting in and out of spare units on short . 
notice. I know of seven units each of 2000 h.p. capacitv, 
and that have been repcatedlv, the whole seven, put on a lcad 
in three and a half minutes. There is no cvlinder condensation 
to worry one. All one has to do is to pull the handle for the 
compresscd air, give a twirl to the water valve, open the gas 
valve, and then carrv load and obtain synchronism by the 
usual methods. 

This method of handling the plant will not, however, take 
care of momentary wide fluctuations; the best method of dcing 
this is, I think, that proposed by Mr. Stott. 

C. C. Chappelle: There seems to be some difficulty in ob- 
taining accurate information regarding the comparative op- 
erating costs of steam-turbine plants, the chief reason being 
that a large number of the turbines now in use form additional 
units in reciprocating-engine stations. I have in mind a plant 
of about 15 000 kw., the opcrating conditions of which are 
. comparable with those in the large central power stations of 
New York city. This plant shows a record of 4.6 mills per 
kilowatt-hour for all operating and maintenance costs. To 
those familiar with the cost of power in large reciprccating- 
engine plants in New York, it is apparent that this figure 
practically coincides with Mr. Stott's deductions. 

Though the combination of reciprocating engine and ех- 
haust turbine makes a favorable showing, yet I believe that 
Mr. Stott's conclusions are based on rather an abnormallv low 
result for a non-condensing engine, as this result comes within 
85 per cent. of the theoretical consumption of a perfect steam 
engine operating betwcen these temperature limits. Assuming 
19 pounds of steam per indicated horse power as a fair cross- 
compound non-condensing engine performance, and 28 pounds 
of steam per indicated horse power as the performance of a 
low-pressure turbine-—which approximates that shown by shop 
tests, with the moisture in the steam includcd—the net result 
approaches that obtained with a condensing turbine. The com- 
bination, however, possesses great advantages for enlarging ex- 
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isting engine stations, and for placing them on a more economical 
basis. It has already been adopted for a number of installa- 
tions of this character. 

While the gas engine has received less encouragement than 
the steam turbine, its development, nevertheless, has been no 
less progressive and, as indicated by this paper, it promises 
even greater things in generating power.’ A 500-h.p. gas engine 
was once looked upon as about the maximum limit for this 
class of prime mover; this is now considered quite an ordinary 
size unit. | 

Though the operation of 60-cycle alternators in parallel is 
not easily accomplished with steam engines, yet there are а 
number of gas engine plants of large size in which 60-cycle 
alternators are operated successfully in parallel. The com- 
bination of gas engines and steam turbines possesses great 
advantages, as Mr. Stott says; and in several important 
prespective installations it 1s receiving serious consideration. 

W. L. R. Emmet: The use of a low-pressure turbine in con- 
nection with the exhaust of a reciprocating-engine plant, or 
in connecticn with the waste heat of gas engines, naturally 
suggests itself to anvbody familiar with the characteristics of 
the steam turbine. In a paper read at the Electrical Congress 
in St. Louis in 1904, I called attention to both these possi- 
bilities, and gave almost the same figures as to possible saving 
that Mr. Stctt has given in this paper. 

Among other things, Mr. Stott shows clearly the great 
saving in investment incident to the use of steam turbines. 
He gives a performance curve of a steam-engine that indicates 
an abrupt rise in the rate of steam consumption with increase 
of load. Capacity to carry the peak load is the controlling 
factor in the ccst of a steam plant, and the reciprocating steam 
engine, particularly in the case of large units, is undesirable 
from this standpcint; for the reason that the problem in building 
verv large steam engines is to take care of the great weights 
involved in the low-pressure cylinders and valves. Very large 
steam engines have a tendencv to be uneconomical at overload, 
because the engine builder is tempted to make the low-pressure 
cylinder just large enough to give good economy at certain 
lcads and so get through without mechanical difficulties. If 
this were a turbine of the good quality shown by another 
curve, instead of turning up at 4 000 kw., the curve given by 
Mr. Stott would either move out horizcntally from that over- 
load point or else it would turn upward slightly. The result 
would be that at some maximum boiler output, the turbine 
would give anvwhere from 20 to 25 per cent. more output— 
more maximum plant capacity—than the reciprocating engine. 
In short, for so much money 20 per cent. more capacity could 
be obtained. The plant capacity 1s costing, in the case of this 
station, possibly $150 per kilowatt, 20 per cent. of that is $30 
per kw.; in other words, the increased value afforded by the 
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turbine in overload capacity is more than the total cost of 
the turbine. Disregarding operating expenses and considering 
only first cost, the engine can be scrapped and a turbine put 
in its place. In this station, then, if 20 per cent. were to be 
added to the capacity by erecting buildings, boilers, and other 
parts, the cost would be greater than if all the engines were 
discarded and steam turbines installed, and there would be no 
gain in peak-load capacity. And changing from reciprocating 
engines to turbines would also result in better economy of 
operation, as shown by the curves. 

In regard to using a steam turbine in the exhaust between 
the engine and the condenser. In this case the turbine performs 
exactly the functions of a vast third cylinder on the engine, a 
cylinder of shape and size suited to the Ісай; it receives this 
load without cvlinder condensation, in fact with all the char- 
acteristics of an ideal cylinder. It is just another expansion 
working in the field which the reciprocating engine is incapable 
of filling, and in that field it can give as good efficiency as 
іп ary other ficld, and that etficiency closely approximates 
to that of a high-pressure cylinder. There has been obtained 
experimentally in the lower ranges of pressure, in a single process 
corresponding to the work of one cylinder in a steam engine, 
an efficiency as high as 76 or 77 per cent. with saturated stcam 
in a very simple kind of steam turbine; this is as well as the 
engine does even in the higher ranges of pressure, and four 
times as well as it does in the lower ranges. 

Suppose that an engine station is operated with engines 
limited in the matter of overload, by congestion in the low- 
pressure cylinders. Installing a low-pressure turbine between 
the low-pressure exhaust and the condenser, and assuming 
that the engine exhausts at a pressure of 20-in. vacuum, then 
20 per cent. is added to the maximum output formerly obtained 
from the station. The capacity of the turbine to do that work 
is one-fifth of the capacity of the engine; it has no governor; 
it has only half the number of wheels and processes of the high- 
pressure turbine—altogether it is a very simple device. The 
turbine would cost possibly $35 or $40 per kilowatt; and the 
additional power produced, if rated at the cost of increase of 
capacity of the station, on an engine basis, would amount to 
something like five times the cost of installing the turbine. 
Consequently, enlargement by adding low-pressure turbines may 
cost only one fifth as much as an enlargement on the original 
line, and for the reasons explained the result 1s far better. As 
a rule, this can be done without enlarging the station or the 
necessity of employing additional men. 

Obviously, the use of a high vacuum is important in turbine 
work, and efforts for obtaining this vacuum have met with 
astonishing success. And, too, a high vacuum 15 inexpensive 
to maintain; there is practically no leakage, resulting in a close 
approach to theoretical or ideal conditions. 
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Sometimes a reciprocating engine can be run non-condensing 
economically; but the advantage of condensation is so much 
greatcr with the turbine that the only reason for running non- 
condensing is the need of steam for other purposes. Ву install- 
ing cooling-towers in a non-condensing plant, the output can 
practically be doubled without adding to the operating cost. 

Е. E. Junge: Geographical, economical, or governmental 
conditions must always largely affect the point of view and the 
judgment on questions that are of common interest in engi- 
neering matters, especially when the comparison ccncerns the 
divergent practice of countries like United States and Germany. 

An illustration of the extent to which electric centralizaticn 
has been carried in Germany may be derived from the practice 
obtaining in isolated coal mines, which often possess no prime 
movers at all for driving the various pumps, hoists, fans, and 
other machinery. These mines have a transformer sub-staticn, 
equipped with motor-generators and fly-wheel sets, serving 
to equalize the load fluctuations, while high-tensicn electric 
current is obtained from a central station sometimes Jocated 
in a city many miles from the mines. For instance, 50-cycle 
current of 10000 volts is transmitted over a distance of 9 
kilcmeters from the city of Essen to the Mathias Stinne Coal 
Mines, where 2000 h.p. is used for driving the various ma- 
chines. One coal mine which supplies good coal fcr coking 
purposes has a coke-oven plant attached to it and utilizes the 
waste gases thereof in a gas-engine-driven central station, while 
tbe surplus power is distributed by electric transmission to the 
sub-stations at neighboring mines. 

This possibility of utilizing the energv in waste gases by 
distributing and selling it for light and cther purposes in the 
neighboring industrial districts, forces the German engineer 
in the determination of the commercial economic coefficient 
for a heat-power plant, to place a more pronounced value on 
the factor of heat cost than can be imparted to it under the 
conditions prevailing in this country. How seriously the 
difference in the valuation of this factor affects the prime 
mover problem in central stations can best be seen bv compar- 
ing the estimated calculation made by Iffland to determine 
the respective merits of various engine drives for a ccmbined 
coke, iron, and steel smelting plant, where the coal mines are 
so closely located as to fall into the commercial distribution 
radius of the electric central station and are operated from 
it. The normal power required by all the engines is 42 200 h.p.; 
therefore the maximum simultaneous capacity which the plant 
must be able to carry permanently 1s 21 000 h.p., which is pro- 
duced from the waste blast-furnace and coke-oven gases. 

We shall consider only two cases: first, a gas-engine-driven 
central station; secondly, a steam-turbine-driven central sta- 
tion. Allthe auxiliary machines are operated from the central 
station. On account of the difference in consumption of the 
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reversible and non-reversible machines, the total capacity of 
the central station required is found to be 25 000 kw., it being 
advisable with complete centrahzation to provide for an ample 
reserve. The power equipment in the first case consists of 
eight gas engines, each having 6000 h.p. normal capacity, 
. and 4 000 effective kw. (cos. ф = 0.8). 

In the second case, of five steam turbines each having 10 000 
h.p. normal capacity and direct connected to alternating- 
current generators of 6 800 effective kilowatt capacity (cos. $ 
= 0.8). Тһе normal capacity of the gas-engine-driven central 
station is therefore 32 000 kw. total, and of the steam-turbine- 
driven station, 34 000 kw. Most of the machines used on the 
plant are in constant operation all the ycar round. 

Now, assuming that the waste gases have no commercial 
value whatever, then the actual cost, including initial capital 
outlay and operating expenses for generating one boiler horse- 
power hcur, 15 as fcllows: 


For gas-engine-driven central station................. 41 cents 
For steam-turbine-driven central station.............. 12 cents 


For purposes of comparison, I give the figure that would be 
obtaincd with steam-engine drive all over the work. One 
boiler hcrse-power hour would then cost 75 cents. In this 
case, then, the steam turbine would be the most economical 
prime mover, However, the assumption that the blast-furnace 
and coke-oven gases are given for nothing is erroneous. The 
gases must first be cleaned, as this increases their heating 
capacity and makes them applicable for use in gas engines; 
but tlis process requires an expenditure of one cent per 30 000 
cu. {t.; mcreover they actually have a value as fuel for steam 
raising. In the plant under consideration, we shall therefore 
compare the power value of the waste gases when used in gas 
engincs to what obtains when burned under boilers, und so 
must appraise the gas at a rate corresponding to the reduction 
of the ccal bill. If power can be distributed abroad, the ap- 
praising of the gas depends on the disposal of the surplus power 
and varies with the locality. Now estimating coal at $2.50 
per tcn, and assuming that seven kilograms of steam are raised 
from cne kilogram of coal, then the value of the b'ast-furnace 
gases which are to be used in gas engines is $150,000. The 
value of the blast-furnace and coke-oven gases available for 
raising steam 1s $525 000. With this valuation, the former 
results are modified as follows: 
Gas-engine-driven central station, 54 cents per boiler h.p. hour. 
Steam-turbine-driven central station, 60 cents per boiler h.p. 
hour. 
With steam-engine drive the cost would be 98 cents. It will 
be seen that the correct valuation of the fuel upsets the former 
results entirclv in favor of the gas-engine-driven central station. 
Basing the results on the cost of production per ton of market- 
able gocds, of which this plant sells 300 000 tons per year, we 
arrive at the following: 
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aas-engine-driven central station, $2.00 without, and $2.48 
with appraising the gas. 
Steam-turbine-driven central station, $1.93, and $3.02 respec- 
tively. 
-ith steam-engine drive the cost would be $3.35 and $4.42 re- 
spectively. 

It is seen that the gain effected bv the selection of gas en- 
gines instead of steam turbines for the central station amounts 
to 50 cents per ton of annual capacity. The figures are of 
special significance, as they show how much the whole prime- 
miover question hinges on the valuation of the factor of heat 
cost. Тһе conditions change. of course, if a plant possesses 
onlv capacitv for iron and steel smelting, and has rolling mills 
but no coal mines attached to it; and they are again different 
for a steel plant with rolling mills but without coal mines, 
blast furnaces and coke ovens. It is only in the last named 
case that gas-engine drive—gas engine-central station and 
scattered gas-engine auxiliaries—is the most economical method, 
but it 1s onlv bv a combination of coal mines, blast furnaces, 
steel smelting plants, and rolling mills that an efficient produc- 
tion is possible, as we can hereby avoid paying the duty im- 
posed by the protective tariff on raw materials, pig iron, and 
half finished goods. | 

Sight must not be lost of the fact that the results of the above 
calculation are based on foreign conditions and cannot be used 
for direct comparison with the corresponding items which for 
the same plant capacity would obtain in this country. This, 
however, does not affect their relative value in the least. 

Owing to the need of reducing waste in technical methods, 
and to the geographical and social conditions prevailing on the 
Continent, which differ from those in this country as regards 
the distribution and production of mineral and metallic ores, 
the densitv and sphere of action of industrial centres, and the 
cost and reliability of skilled labor that can be secured, we shall 
—if the surplus power that becomes available by the adoption 
of economical prime movers can be used in the works, where 
its value is equal to the corresponding reduction of the coal 
bill, or if it can be sold to advantage abroad, where its value 
varies with the local conditions—invariably select the gas 
engine aS prime mover for central stations. Where there is 
no market for available surplus power, there the steam turbine 
will always keep its field of usefulness. 

Calvert Townley: In connection with the study of economy 
in steam usage, the conditions affecting a moderate sized plant 
should be considered as well as those obtaining in a very large 
plant. In that connection the use of exhaust steam for heating 
purposes should not be lost sight of. 
ма In the majority of isolated plants, in many electric light sta- 
tions, and not infrequently in railroad power houses, oppor- 
tunity could be made, if the plant was originally so designed. 
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to utilize for seven months of the vear a large part, if not all. 
of the exhaust steam for heating; thus, in effect, turning the 
generating plant into a heating plant, and using the engines 
as reducing valves to lower the steam pressure from that gen- 
erated by the boilers to that required for the heating system. 

The B.t.u. in steam at 175 pounds gauge pressure 15 only 
5.45% more than in steam at 10 pounds gauge pressure, so 
that, given the necessity for a steam-heating plant, the ad- 
ditional coal required to make the steam available for electric 
generation is comparatively small. 

Some unfortunate experiences in an endeavor to utilize ex- 
haust steam for heating, where either the circumstances or 
the design of the plant, or both, were unfavorable, have dis- 
couraged manv engineers from the more general adaption of 
this principle; but there can be no doubt that it 1s susceptible 
of wide application, and that the possibilities of saving are 
verv great. 

Mr. Stott's Table No. 1 is extremelv interesting, as showing 
a careful analvsis of loss distribution. It should be noted, 
however, in considering this table, that the last column shows 
the losses in per cent. of the original heat units in the coal, 
and, therefore, it does not represent a true measure of the rela- 
tive importance of the losses; for example, the loss 1n engine 
friction is given as 0.36, whereas there has been 38€, of the 
energy lost before reaching the engine, and the engine friction 
is, therefore, approximately 1.3%. Similarly, the heat units 
rejected to condenser are given as 60.19%, whereas 290.3', 
having already been disposed of, the condenser takes over 864, ; 
that is to sav, the efhciency of each transformation increases 
in importance as we come down the line, and, therefore, a small 
galn in efficiency in a late transformation may be of more value 
than a considerably greater gain at an earlier stage. 

Hartley Le Н. Smith (bv letter): In discussing the operation 
of hand-fired and stoker-fired boilers, Mr. Stott in Figs. 6 and 7 
illustrates various items as a function of the draft, which 15 
presumably the draft at the boiler downtakes, although he dces 
not explicitly sav so. The values of draft are so much lower 
in Fig. 7 than in Fig. 6 that it 1s not quite certain whether 
the draft was measured at the same place in the two cases. 
In Fig. 6 the maximum economy is attained at only 776, ot 
the standard rating, and the economy at the standard rate of 
evaporation shows a falling off of 13 from the maximum 
value. As these conditions are rather extraordinary in a beiler 
rated at 600 horse-power, in which the ratio of heating surface 
to grate surface is usually high, it would be interesting to know 
in what manner the variation of draft at the downtake caused 
the draft immediately above the fire to vary, and also the 
corresponding variation of CO,. 

The variation of reciprocating-engine steam consumption 
shown by Mr. Stott in Fig. 8 is extremely interesting and im- 
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portant. A feature even more significant than the rapid rise 
in the most economical steam consumption, is the very great 
extravagance in steam consumption which results frem an 
engine with its load equally divided between the cylinders, 
and the extracrdinary rates at which this ccnsumption with 
such adjustment increases from a point representing a little 
over 80% of the rated load. In Mr. Stott’s illustration the 
equal divi ision of load between the cvlinders makes the con- 
sumpticn at rated load 3.5% higher than the most economical 
adjustment, and at 3565 overload the equal division. between 
the cylinders consumes 9.5%, more steam than the most econ- 
omical adjustment. Mr. Stott might have stated which 
cvlinder was doing the most work, and in what manner the ratio 
varied throughout the range of load he has illustrated. The 
natural inference is that the most economical working was 
obtained bv putting the larger share of the work on the high- 
pressure cylinder, for the avoidance of the large cvlinder con- 
densation losses at heavv loads in the low-pressure cvlinder. 
A hint in this direction is given on page 18, in speaking of the 
reciprocating engine with a low-pressure turbine on its exhaust, 
that the reciprocating engine should be'run- high pressure 
where relatively it is most efficient. It seems probable that a 
good many operators of reciprocating engines should take Fig. 8 
with considerable seriousness, as there are probably many more 
engines operating with the load equally divided than unequally 
divided in such manner that the minimum steam consumption 
results. 

There is another factor of some moment; namely, if it is 
nct assured that engines are working with the most efficient 
valve adjustments, it would not pav in a large svstem to operate 
large units at excessive overloads during the periods of max- 
imum demand rather than smaller units at rated load in older 
stations held normallv as reserve equipment. 

On page 18 it is said that the apparent saving of 13.5 
in steam consumption when a turbine is operated with steam 
superheated 200°, means an actual thermal saving of only 
6.60; due to the greater total heat of superheated steam. It 
seems essential ,to add that if tho superheating is obtained 
with internal superheaters, as 1s usually the case, there 1s an 
almost inevitable increase in the bheat loss escaping to the 
stack, due to the increased temperature of the gases; that this 
increased heat loss mav easily beccme of serious moment 
may be seen in Fig. 5. In the absence of economizers it is con- 
ceivable that this item might wipe out the saving due to the use 
of superheated steam in the turbines. 

In Mr. Stott's treatment of a high-pressure reciprocating 
engine with a low-pressure turbine on its exhaust it 1s difficult 
to see how the giving up of 165.3 B.t.u. per pound of steam 
is connected with the expansion of steam from the absolute 

| pressure of 190 to 14.7 pounds per square inch, except that as 
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the generator has an efficiency of 98%, and the engine а mecha n- 
ical efficiency of 93.65%, the over-all efficiency is 91.75%, whic h 


would require o 9175 = 3718 B.t.u. in the engine cylinder per 
kilowatt-hour. When this is increased by 13.5% to allow for 
radiation, incomplete expansion, and similar losses it becomes 
4215 B.t.u. per kilowatt-hour, which when divided by 25.5 
pounds, gives Mr. Stott's figure 165.3 B.t.u. per pound of steam. 
The thermal efficiency represented bv the expansion of steana 
between the limits of 190 and 14.7 pounds' per square inch ab- 


solute pressure is 19.7 per cent. 


A paper presented at the 205th Meeting of the 
American Institute of Electrical Engineers, 
New York, March 23d, 1900. 
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THE RELATION OF LOAD-FACTOR TO THE EVALUA- 
TION OF HYDROELECTRIC PLANTS. 


—— 


BY S. B. STORER. 


_———— 


The value of any water-power plant is due primarily to its 
earnings, with earnings dependent on the market for its output, 
and secondarily to the type and quality of the apparatus in- 
stalled and of the development as a whole. In the case of 
plants that are in process of development, or that are only 
partly loaded, the value is, of course, more or less of a specula- 
tive nature, and 1s estimated on the basis of possible and prob- 
able income. Prospective carnings as well as actual earnings 
necessarily rely on selling an amount of power equal to the 
maximum or the ultimate capacity of the development; and 
the number of hours per day during which the maximum 
capacity can be utilized is a definite factor in deciding the price at 
which the power 1s sold. This is equivalent to saying that earn- 
ings depend on the load-factor, where that is considered as the ratio 
between the average output of the station and its rated capacity. 
Carried to the extreme, zero load-factor means no market for 
the power and consequently no value to the plant. The type 
or class of installation, whether good, bad, or indifferent, does 
not affect such valuation, for the reason that the plant repre- 
sents nothing as to earning power. 

Few large hydroelectric plants exist to-day the values of 
which are not to a considerable extent speculative or problemat- 
ical, owing to their operating at an output somewhat below 
their rated or their ultimate capacity. In some cases it has 
been so difficult to find a market for power that plants have 
passed through reorganizations with a resultant heavv loss to 
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investors, and still are unable to show any profit or even to pav 
operating expenses, though power may be offered at rates so 
low as to be ridiculous when compared with the cost of gen- 
erating it from coal or gas. No large water-power development 
succeeds in marketing its output except through a reduction 
in its selling price to a point very much below that at which 
it could be produced from coal. Generally the load is obtained 
from a combination of low-priced power at the generating 
end with an additional load obtained by transmitting some 
distance to a market that will bring a higher price. At other 
plants the entire output is carried a long distance before a suit- 
able market can be found. In both instances the cost of trans- 
mission lines and attendant apparatus should be added to that 
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of the power-house development, and included in the cost of 
the plant as a whole; this may raise the price of power to such 
a point as to render it non-competitive with power produced 
by stcam or by gas. 

This is particularly true of factories having low load-factors, 
due to operating only 8 or 10 hours a day, and in such cases the 
necessary income can only be obtained through the sale of 
surplus power during the hours when the load 15 below the rated 
output of the power house. Similar conditions are well known, 
as they have been faced by every large water-power company. 
It will generally be found that the most successful plants com- 
mercially are the ones that have the highest load-factor. The 
ideal load 1s one that remains constant throughout the 24 hours, 
the plant consequently putting out every kilowatt-hour with- 
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in its capacity. Any water-power plant loaded in this way. 
can sell power at a price very much below its cost when pro- 
duced by steam, and still leave a good margin of profit on the 
investment. 

It is generally conceded that the only object in developing 
a water power is to generate electrical energy at a cost 
much below that of generating it in any other way,and users 
of power are so well educated to this fact that they will not buy 
hydroelectric power unless the saving effected is considerable. 
It must be much more in fact than that for which they 
would, for any other purpose, make an expenditure several 
times as great as that necessary to replace other prime 
movers. | 

Comparing the cost of generating hydroelectric power with 
that from coal or gas is somewhat difficult, but the general 
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method to be followed is shown graphically in the curves 
given herewith. Figs. 1 and 2, are made respectively for both 
steam plants and hydroelectric plants, and show the 
cost of production per horse power per year with relation to 
load-factor. In neither of these cases is the value given 
from an actual installation, but is merely an approximation indi- 
cating the general conditions as they might exist in any well- 
built power house of a rated capacity of from 5 000 to 50 000 
horse power. The principal difference between the two curves 
is due to the introduction of the variable items of coal, water, 
and labor in the steam plant, while the fixed charges in both 
cases form the base of the area included under the curve. 
As usual, the fixed charges include interest, depreciation, 
taxes, and insurance. With hydroelectric plants the operating 
expense is so nearly constant as also to become practically a 
fixed charge. The item of repairs is really the only variable 
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in the curve, this generally being considered as increasing in 
direct proportion to the load-factor. 

By superposing the two curves, as shown in Fig. 3, it will be 
seen that in this assumed instance they cross each other at 23% 
load-factor, the cost per horse power per year being identical 
at this point. At load-factors less than 23%, the steam plant 
has the advantage, and hydroelectric power must be sold at a 
loss in order to be competitive. At all load-factors above 
23%, however, the advantage lies with the hydroelectric plant. 
The relative value of the two may be obtained by considering 
the variables—coal, water, and labor—of the steam plant as 
the equivalent at any given load-factor, of a fixed charge, and 
by capitalizing this at a rate that will include interest, taxes, 
and depreciation, and adding it to the first cost of the steam 
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plant we can thereby obtain an approximate value of the hydro- 
electric development. 

‚ Making the comparison in another way, the water operating 
the hydroelectric plant can be made a variable following the 
line taken by the coal of the steam plant, and by capitalizing 
the difference between the two curves an approximate value 
of the potential energy of the water can be obtained. Due 
consideration must be given to the fact that at load-factors of 
less than 2395 this capitalization is negative and must be 
taken from the actual cost of the plant, so that it is only at load- 
factors above 23% that it has any real value. In addition the 
curve representing power cost from the steam plant must be 
discounted by an amount corresponding to whatever reduction 
must be made in hydroelectric rates to effect its sale. 
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The conclusion is that in all places where the flow of water is 
constant throughout the vear the load-factor determines the 
earning power and hence establishes the value of any plant. 
Where an intermittent or insufficient supply of water may be 
stored and used during times of peak-loads at a rate much higher 
than the normal flow of the stream the earning power is not 
dependent on the load-factor to so great an extent, but such 
hydroelectric plants are generally of small capacity, adapted 
for lighting purposes only, and are to be considered as an ex- 
ception to which the above method of evaluation will not apply. 


A paper presented at the With Meeting of the 
American Institute of Electrical Engineers, 
New York March 28, 1966. 
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NOTES ON DESIGN OF HYDROELECTRIC POWER STA- 
TIONS. 


(WirH REFERENCE TO THE INFLUENCE OF LOAD-FACTOR.) 


BY DAVID B. RUSHMORE, 


Hydroelectric power plants are designed with the ultimate 
object of being producers of wealth. All factors which have 
any bearing on fixed charges, cost of operation, or sale of power, 
must be considered. At the time of designing, operating con- 
ditions cannot be known definitely and such factors ås amount 
and distribution of load can be considered only in a general 
way. This is one difference between most water-power and 
steam stations. When the plant is in operation, conditions of 
load are constantly undergoing change. It is therefore gen- 
erally impossible to design a system for fixed conditions, and 
provision must be made for a certain flexibility of operation 
and for future growth. Also, costs vary widely in different 
places and are confidential. 

The distinguishing feature of hydroelectric installations is 
the special character of all conditions and apparatus. Hy- 
draulic conditions: amount of rainfall, drainage-area, run-off, 
stream flow, storage, head of water, speed of wheels and gen- 
erators—all these are peculiar to the particular location. Gen- 
erator and transformer capacities and voltages are always 
more or less special, while the systems for transmission and 
distribution of power are invariably so. 

Definite values can be considered therefore only with regard 
to a particular application, and a discussion of the subject must 
be confined to general principles. The selling price of power 
is also a variable depending on the particular location and 
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class of service, and this is the criterion by which the de- 
sirability of any development must ultimately be judged. 

The two factors of prime importance are reliability of service 
and commercial considerations. Reliability of service may be 
obtained from a system all of the separate parts of which do 
not possess this characteristic; but if the supply of power is 
unreliable, the sale of power is impossible and no commercial 
considerations will exist to be considered. 
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Duplication of apparatus and isolation of troubles, combined 
with the best construction and protective devices, are the 
principles employed to obtain continuous operation. Duplicate 
ditches, regulating reservoirs, multiple pipe-lines, generator and . 
transformer unit combinations, instantaneous automatic sec- 
tionalizing switches, and duplicate bus-bars and transmission 
lines, together with properly applied relays—are the means 
used to prevent interruption to service. Additional security 
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1s gained where a number of power stations feed into the same 
transmission network, as in many western systems. In such 
instances any power house in trouble can be cut off entirely. 
Steam auxiliaries at the receiving end, supplying part of the 
load while floating on the system and possessing large overload 
capacities, as used at Los Angeles and Schenectady, are in- 
surance against disabilities from line troubles. 

The modern tendency is decidedly in favor of transferring 
the charges for maintenance and repairs to the interest column, 
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by adopting more expensive construction with greater mar- 
gins of safety. This is shown by the substitution of tunnels 
for flumes and ditches, and of steel towers for wooden poles, 
which is well illustrated in the new Kern River development 
of the Edison Electric Company of Los Angeles, where the 
length of tunnels is three-fourths of the distance over which 
the water is carried; and, in a country particularly adapted 
for use of wooden poles, the line is to be carried 115 miles on 
steel towers. The factor of safety in insulators is also wisely 
being raised. E 
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Hydroelectric installations naturally divide into. somewhat 
clearly defined classes, depending upon conditions. The west- 
ern high-head plant, with great fluctuations in stream-flow 
and with long ditches and pipe-lines, containing but few units 
and feeding into a high-tension network, is under different 
conditions from a low-head, many-unit, single-plant installation 
delivering power over short distances or to a single point. 
Reliability of service is not of such great importance in irriga- 
tion pumping as it is in the lighting supply of a large town. 
This is not always recognized in the discussion of comparative 
advantages of small complications necessary to obtain reli- 
ability of service as compared with extreme simplicity and home- 
made switching apparatus. Conditions which have proved 
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satisfactory under conditions in the West could not be con- 
sidered for systems which never allow current off the svstem. 


RELATION OF STATION CAPACITY TO STREAM FLow. 

The majority of plants have a rated generator capacity be- 
tween maximum and minimum stream-flow. As at Niagara, 
the plants may be below: stream-flow at all times, and some 
developments, especially when replacing steam plants which are 
held as a reserve, may have a rated capacity of approximately 
maximum flow. If coal is high, power is dear; if power is 
cheap, coal is low, so that a steam auxiliary is always desirable 
if its use will ШАКЫ increase the amount of power that 

can be sold. 

The number of plants to the system and the distribution of 
plants on different watersheds materially affect conditions of 
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design and operation. A single plant with all the power trans- 
mitted to one place represents the most severe conditions; 
many plants, widely separated, on different watersheds, with 
steam auxiliaries and widely distributed use of power, the most 
favorable so far as load conditions are concerned. The type 
of construction is different for high and low heads and for 
few and many units. A peculiar feature of high-head building 
construction is the omission of openings on the hillside to pro- 
vide for breaks in the pipe-line which sometimes, though very 
rarely, Occurs. 
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The presence or absence of steam or water auxiliaries, and 
the use of hydraulic or electrical storage, influence distin- 
guishing features in design, such as; 1. rated and overload 
capacities; 2. number of units; 3. types of wheels; 4. duplication 
of apparatus; and 5. reserve units. 

The class of service has an important bearing on the system 
of control. Where conditions of contract do not severelv 
penalize trouble, much simpler arrangements can be used than 
where it is demanded that no expense be spared to insure 
against interruptions. 
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Loap-Factor AND Loap CURVES. 
Upon the exact definition of load-factor there is lack of 


average Output 
aximum output. 


agreement. It will here be called E No defi- 


nition 15 satisfactory for all classes of load without explanation. 
A limit on the time of peak-load or the use of rated capacity 
considerablv modifies the figure obtained. 

Commercial loads—nearly always mixed in character—can 
be divided into railwav, lighting, general power, pumping, 
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hoisting, and electrolytic. These have scasonal, as well as 
hourly and daily, variation. Railway and lighting loads are 
particularly subject to abnormal variations from unusual 
causes. Both have large peaks over certain hours, and for a 
part of the day approach zero load. General power-load has 
an even curve for nine or ten hours with light load at noon, 
and is then off entirely or very light. A pumping load may 
be very steady and continuous over the day. During some 
seasons the pumps, if employed for irrigation work, may be 
out of use entirely. Fire pumps have a great and unknown 
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load variation but are seldom used but as part of larger loads. 
Hoisting loads are extremely variable in themselves, but the 
effect on the system mav be smoothed out by use of a large 
number of hoists, or by the proper adaptation of fly-wheels 
and methods of control. Electrolytic loads are ideally constant 
at all times. 

Machinery must be installed to carry the peaks; and the 
determining of the best methods of meeting large load varia- 
tions constitutes the problem of prime importance in designing 
water power installations. 
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HYDRAULIC. 


Water supply is extremely variable. The annual rainfall 
in this country varies from 0 inches to 70 inches. Less than 
20 inches gives an arid region, and less than 15 inches requires 
irrigation. From 0 to 50% of the rainfall may appear as run- 
off, the remainder going to seepage, evaporation, and vegeta- 
tion. Run-off may follow rainfall hours or days or months 
later; in case of snow, depending on the character of country, 
soil, forests, and vegetation. The percentage of run-off de- 
creases with decrease of rainfall and, under the same condi- 
tions, the number of second feet per square mile per inch of 
rainfall decreases with increasing area to watershed. 
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Stream-flow varies greatly by the day, season, and year, but 
over a number of years it averages nearly constant. The curve 
of stream-flow, especially minimum flow, is of prime importance 
in water-power development. For considerations of storage, 
the load-factor of stream-flow has a vital bearing on the amount 
and cost of development. The great problem of hydraulic 
development 15 to transform the daily and annual stream flow 
to correspond to the respective load curves. 

The design of different elements is determined by various 
limits, some of which are but indirectly connected with the 
load-factor. Water conductors should primarily be of suffi- 
cient capacity for the worst conditions—not always the case. 
The grade of ditches may vary from 40 feet per mile for small 
ones, to 10 feet or less per mile for large, the allowable velocity 
depending on the soil. Velocities should be sufficient to pre- 
vent the growth of vegetation in ditches, but not sufficient to 
cause erosion. 

The capacity of water for carrying sand, etc., variesas the sixth 
power of its velocity, and small decreases of velocity cause 
deposition of suspended matter—a fact made use of in sand 
boxes. With large quantities of water, it may be cheaper to 
replace wheels occasionally rather than to remove sand. In 
one western plant, after a storm, the diameter of a nozzle was 
cut from 3.5 inches to 4.5 inches in an hour by sand in the 
water. . | 

Erosion wears away the ditch, with a possible loss of 20% 
or more in seepage through a stony bottom. Washes frequently 
break an embankment, the most annoying and expensive re- 
pairs to make. Three feet per second is the average figure in 
many western ditches; and two feet is necessary in some fine 
soils. This figure is subject to much variation. The loss of 
head in water conductors might be, but seldom if ever is, pro- 
portioned by Kelvin's law. А change in selling price or oper- 
ating conditions after construction then would be followed by 
mathematical disaster. Ditches, as actually constructed, are 
usually in exposed places on the sides of steep mountains; 
they are costly to build and difficult to repair, and velocity 
of erosion is a limiting feature. It is estimated that California 
possesses over 5 000 miles of ditches, most of them constructed 
originally for hydraulic mining. (The plant at Electra has two. 
ditches of 21 and 19 miles length, respectively.) 

Velocities in flumes may range from S to 20 feet per second; 
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one flume about 9 feet wide, falls about 7 feet per mile; another 
6 feet wide has a grade of from 8.5 to 17.0 feet per mile, depend- 
ing on the length of section. Tunnels, when lined with con- 
crete, may have a friction-coefficient of from 0.010 to 0.012. 
The complete cost may vary from $5.00 to $6.00 per cubic yard, 
or from $20 to $30 per lineal foot, for a 9-foot tunnel.* The 
coefficient of friction with rough rock walls will be from 0.030 
to 0.035. For lined tunnels, 12.5 feet per second is given as 
a conservative velocity. Velocities much higher are in use in 
short lengths. 

Velocities in pipe lines are limited by considerations of 
cost, efficiency, safety, and regulation. They vary from 3 to 
15 feet per second. Wooden pipes with low velocities are often 


FIG. 


used at the upper ends, but the greatest loss of head should 
occur at the bottom in the most expensive pipe. The thick- 
ness and factor of safety used increase with the head. 

For considerations of freight, pipe lines should taper to allow 
proper packing by nesting. Cast iron pipe is never now installed, 
although in use in a number of early plants. For all high 
pressure work, riveted sheet-steel pipe is now universally used. 

The best type of wheel to be used depends upon the head, 
quantity of water, speed, and range of load. Turbine wheels 
are efficient through only a small range of load, and under high 
heads are not easily regulated. In general, with low heads, 
large quantities of water and a number of generators to the 
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plant, turbines are used. For small quantities of water, high 
heads, impulse wheels are employed. Improvement in light 
load efficiency and some reserve against breakdown may be 
obtained by mounting impulse wheels on both ends of the 
generator shaft. 

The use of impulse-wheels of the Pelton type is limited by 
certain features of design. The centre of buckets should run 
at about 45% of the spouting velocity. The diameter of the 
wheel should not be less than 10 times the diameter of the 
jet, and this ratio should preferably be 15 or 18. Also, the 
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number of buckets which can be mounted on the rim has an 
important bearing. 

The limiting speed of turbine wheels is not so clearly fixed. 
Turbine wheels are more flexible in design and present ten- 
dencies toward high speeds; and large units, as well as their 
application to higher heads, are having marked effect upon 
their development. The best type of wheel for a particular 
installation is not always self-evident. The use of vertical or 
horizontal tvpes is still a matter of discussion and, under the 
same conditions, both types are installed, as at Niagara. Ногі- 
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zontal bearings for large high-speed units become abnormal, 
and certainly the step-bearing has proved its reliability on the 
steam turbine. Impulse-wheels may be used with vertical 
shafts and a number of nozzles applied to one wheel. The 
Necaxa Plant in Mexico is an example of this construction. 

Vertical shafts give a better operating room, requiring less 
space; generators and frequently wheels also are cheaper, 
bearings are simple and, with single wheels, have many attrac- 
tive features. Small units, or units where impulse wheels are 
used. are generally horizontal. 
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The number of water wheels to use with one generator is 
often a problem in low-head installations. With horizontal 
units, one or two impulse wheels may be used and any even 
number of turbines. Fluctuating heads are always turbine 
propositions and, as one design of wheel can at a given speed 
work cfficientlv through only a limited range in head, a number 
of wheels on the same shaft, for use at different times, may be 
necessary. Overloads can be carried by using the other wheels, 
though inefficiently. The character of the load needs considera- 
tion in this regard. 
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Water-wheel generators have always been designed for 100% 
increase in speed, an unnecessarily conservative figure. In 
certain types of plants, subject to line disturbances, generators 
not infrequently run away. 63% increase in speed has been 
recorded in some cases. Of course this value depends upon the 
characteristics of the particular unit. 


RATED AND OvERLOAD CAPACITIES. 


In no other place is there opportunity for the display of 
better judgment in the adaptation of a plant to definite as- 
sumed load conditions than in the proper subdivision and rating 
of the elements of plant design. These principal features are 
reservoirs, ditches, flumes, pipes, wheels, generators, trans- 
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formers, and lines. The factors especially concerned with the 
conditions of load are: 1. number of units; 2. the characteristics 
at different loads; 3. the limiting conditions in the design; 
4. commercial considerations of investment; 5. repair and de- 
preciation charges; 6. possibilities for meeting future conditions. 

For large developments the selection of reservoir sites and 
capacities requires special investigation. Often several main 
reservoirs check the river flow, and a regulating reservoir at 
the head of the pipe line gives constant ditch-flow and carries 
the load temporarily in case of accident to the water supply. 
The cost of storage increases with the head and often decreases 
at low heads for increasing capacities. If great fluctuations 
in stream-flow obtain, it is seldom possible, from a commercial 
standpoint, to store all the water. Where development ex- 
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ceeds minimum stream-flow, there are but few high-head propo- 
sitions where storage is not desirable; conversely, in many low- 
head installations the cost of storage is prohibitive. 

Ditches, flumes, and pipes all come under the head of water 
conductors. A number of installations have more than one 
source of water supply. Erosion in ditches and loss of head 
in pipes are the usual limits of design. For flumes there is a 
grade for maximum capacity which, if exceeded, decreases the 
amount of water that can be carried, by causing a wave motion. 
The load conditions have much to do with allowable velocities 
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in pipes, which are similar in principles of design to electrical 
conductors. The loss of head at maximum load is important. 
High velocities, and rapidly varying loads, make regulation 
difficult. A subdivision of the pipe-line is desirable. Pipe- 
lines for high heads are costly and investment for different 
arrangements are studied before a final decision is reached. 
Flumes have a definite, and, at times, a troubled life. Ditches 
need repairs, but no depreciation charges. With pure water, 
pipes should show no deterioration if properly protected. 
Wheels and generators demand careful study to decide the 
best capacities. The size of the generator is usually indicated 
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by some conditions in the proposition. The loss of one unit 
should not cripple the service. The generators and wheels 
should operate at points of best efficiency. The generator and 
wheel combinations are limited, and speeds are fixed by number 
of wheels, type, head, and output. For one-plant systems the 
number of generators is preferably not less than four nor more 
than eight. For multiple-plant systems, one unit to the station 
is not uncommon. 

When no strong reasons exist for doing otherwise, water- 
wheel driven generators should have a rating of 40? cent. rise 
at full load and 8% regulation. This agrees with a wheel 
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rating for 4/5 gate. А greater approach to standard in this 
is very desirable. This allows for 25% overload on peaks. 
There is no reason for a higher generator rating if the capacity 
does not exist in the wheel. A small margin—about 10% 
of gate—should be left for governing. The above is for a num- 
ber of units and a time variation of load not greater than can 
be cared for by placing in operation additional units. For 
suddenly-varying loads and peaks over short intervals, it may 
be desirable to have a wheel rating of 1009, in excess of gen- 
erator. The greater the number of units, the smaller this 
need be. In some cases it is desirable to take the peaks on a 
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part of the station and to block the governors on the remaining 
machines. Transformer ratings are usually the same as gen- 
erator, and, when possible to do so, it is often desirable to make 
one unit of the two. 

Generators for a given output have a speed for which the 
cost is a minimum. Unless peripheral velocities are increased, 
raising the speed does not decrease the active material. So, 
when this point has been reached, any further increase calls 
for mechanical requirements which rapidly increase the cost. 
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Water wheels, within the limit of generator speeds, decrease 
in cost with increasing speeds. 

Most transmission lines are designed from a standpoint of 
regulation but occasionally a case arises where an application 
of Kelvin’s law is possible. For low-head factors, average 
losses may be used. A large number of equations have been 
developed for this work but an equality of interest on invest- 
ment and value of lost energy is what is required. Unless 
maximum developments are installed, ample margins in all 
hydraulic and electrical conductors should be allowed for future 
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growth. The neglect to do this has adversely influenced many 
developments. 
EF FICIENCIES. 

The cost and value of efficiency in power plant designing is 
an important but not clearly understood subject. The rough 
approximation usually made is to compare the selling price of 
the increased output with the interest charge on the greater 
cost. Where the saving in energy can be sold, as is usually 
the case, a higher efficiency in water conductors means a greater 
output and a greater capacity of instaled apparatus with 
higher total cost, so that the investment charge for the gain in 
power is greater than usually considered. This is true of all 
parts of the chain of energy transformation. 

Generator efficiency curves are flat bevond half load and are 
generally slowly increasing at overloads. Above half load, 
variation in generator efficiency is not of importance. Turbines 
have, however, a small range of load for best efficiency; while 
the curve for impulse-wheels is much flatter. Users of electrical 
apparatus should carefully compare characteristics and costs of 
different tvpes of machines. Cheapness can nearly always be 
obtained by the sacrifice of quality. 

The cost of efficiency is less susceptible of determination 
than the value. Water wheels can be made of the best effi- 
ciency by designing them for the special conditions, instead 
of using standard patterns, and by the employment of a high 
grade of material with careful finish. The life can be increased 
by use of expensive metals and by cleaning the water. Wheels 
probably differ in efficiency much more than electrical appar- 
atus. Doubt simply implies difficulty in hydraulic testing and 
scarcity of reliable results. 

The generator efficiency 1s improved by using more copper 
and iron and a higher grade of insulation. Heating or regula- 
tion are the limits in design, and efficiency must be good with 
present types. A cheaper machine can be obtained with greater 
energy loss, the temperature being controlled by utilizing an 
increased windage. 

Transformer costs may be material reduced by lowering 
the efficiency. Low-efficiency transformers are prone to a 
short life and a hot one, and are, as a rule, much less desirable 
to operate than to buy. There is a theoretical point in design 
where the cost increased as the efficiency grows poorer. The 
efficiency curves of the best transformers are so flat that it is 
immaterial at what point thev are operated. 
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STORAGE. 


With a limited water supply, storage of water determines 
the possible development. Variations in load occur by the 
hour, day, season, and year. Auxiliary or regulating reser- 
voirs at the head of the pipe-line take care of daily peaks, keep 
an even load on the water conductors, and serve to carry the 
plant over temporary ditch troubles, also serving as sand 
boxes. The location of the pipe-line often renders storage 
at this point impossible. In one case, a flume of large dimen- 
sions is used for peak storage. In another, the water supplv 
to a flume several miles in length is cut off entirely and the 
total stream-flow used for another station. 

Main reservoirs are on the river and regulate its flow. If 
these are of sufficient size, the total run-off can be used. The 
Reclamation Service is at present doing a great work in water 
storage, in some cases over a term of vears. Snow is a natural 
form of storage, well illustrated at Puyallup, where with a 
great variation in rainfall a nearly constant stream-flow 1s 
obtained. Forests, vegetation, and the soil fill the function 
of reservoirs. Dams are built to catch the underground waters. 

For suddenly varying loads, as in railway апа hoisting 
work, a fly-wheel is used to provide for instantaneous peaks. 
Irrigation laws may forbid the storage of water on old ditches. 
Electrical storage, at the distributing points, bears to the 
electrical system the same relation that the regulating reser- 
voir does to the hydraulic. 


AUXILIARY PLANTS. 


The capacity of a water-power installation can usually be 
largely increased by the use of steam auxiliary plants. А 
steam plant can supply the deficiencies of stream-flow, can 
carry peaks in any season. It may act as a regulator with 
steam turbine floating on the lines, the hydraulic generators 
running under constant load; it may act as a reserve in case 
of breakdown on line; and may serve to furnish the wattless 
current for the system, allowing other machines to carry greater 
overloads. The turbine unit may be run idle part of the year 
as a synchronous condenser, or may float on the line as such 
for part of the day and deliver energy at other times. Contracts 
for supply of continuous power, with severe penalty clauses, 
mav necessitate the installation of an auxiliary plant at the 
distributing end of the line. Such a plant is now being installed 
at San Francisco. | 
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With improvements and reduction in cost and operating ex- 
penses of steam generating apparatus, the auxiliary plant he- 
comes of increasing importance and, in some instances, threatens 
to become the more important. 

A form of water-power auxiliary was recently suggested in 
which the installed generator capacity far exceeds the normal 
flow of the stream. Water is stored throughout the day and 
the plant operated for but a few hours on peaks of system. 


CURVES. 
The curves used to illustrate this paper are intended onlv to 
illustrate principles and not to give definite values, and must 
be so understood. They are considered self-explanatory. 
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STANDARDIZING RUBBER-COVERED WIRES AND 
CABLES. 


BY JOHN LANGAN. 

The effect of the tendency toward high electrical pressures 
is nowhere more severely felt than in the requirement for in- 
sulated wires and cables, for insulation practically controls 
this feature of electrical distribution. Electrical pressures 
can, to be sure, be increased to almost any extent, and elec- 
trical energy be transmitted to almost any distance; but to 
control its pathwav, to regulate its course, to prevent waste, 
and maintain safety, this is the problem—the big underlying 
problem—of all electrical distributions of to-day. Five hun- 
dred volts and under are easily controlled; but pressures of 
5 000, 10 000, or 20 000 volts introduce new problems, prob- 
lems that were not even thought of in the days when 110 volts 
were considered standard practice. 

On the distributing and not the generating medium, then, 
depends the success of the present tendency in electrical 
distribution. A badly insulated wire or cable will imperil 
the success of any system. Not only must the insulation 
itself be perfect, it must also be properly tested, properly 
installed, and properly protected. And curiously enough, 
engineers while examining carefully every other feature of 
a transmission system, will often pass lightly over the ques- 
tion of cables. Cables, some appear to think, are all alike. 
If they possess the common identity of copper, this establishes 
a relationship of equality, and laboring under this very general 
illusion, rubber-covered cables are called for and purchased 
with no other restriction as to quality than that they shall 
conform to the National Code or the Board of Fire Underwriters’ 
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rules. All this wire made subject to ''code"' rules passes under 
the general, but misleading name of '' rubber covered," when, 
as a matter of fact, there is not an ounce of rubber in its com- 
position. It is composed of cheap ingredients, rubber sub- 
stitutes and the like, and bears about the same relation to fine 
rubber that a burnt cinder does to a lump of coal. Naturally, 
such insulation as this will not last long, since, having no rub- 
ber, it possesses no vitality, no dielectric strength, no ca- 
pacity for work, and consequently becomes, in a short time, 
an easy prey to variations of temperature and climatic con- 
ditions. The fault here lies not with the manufacturer, but 
with the rules; for the rules impose no provision as to quality. 
All they require is a certain diameter of insulation; but whether 
this diameter should be wholly or partly composed of mud or 
rubber, they are altogether silent. Of course, no one doubts 
the good intentions of the framers of these rules. But as indicat- 
ing how wide of the mark thev go in fulfilling any requirement of 
good insulation, let me quote here what the rules sav about 
testing the wires before installation. 

“ Each foot of the completed covering must show a dielectric strength 
sufficient to resist for five (5) minutes the application of 3 000 volts per 
1/64 of an inch thickness of insulation. 

For example, thev would require a conductor with 10/32-in. 
wall of insulation to stand a test of 60 000 volts; or a No. 14 wire 
which calls for 3/64-in. wall, a test of 9 000 volts. The absurdity 
of these tests must be evident to anvone having the slightest 
familiarity with the practical side of electrical engineering. 
From what source such data were derived is hard to tell; for 
there is not the slightest warrant either in theory or in prac- 
tice for it. Even the highest grade of fine Para would stand 
no such test, much less the cheap, bituminous rubbish that 
enters virtually into every foot of what is termed ''code wire.” 

The rules sav that the insulation must stand 3 000 volts for 
everv 1/64-in. wall of insulation. This requirement is, to be 
sure, absurd. But supposing this possible, who is to enforce 
it? No one, and no one does. The situation is like a body of 
law givers formulating an arbitrarv law, but making abso- 
lutely no provision for anvone to enforce the law. In the 
case of the big telephone, telegraph and power companies, in 
or contiguous to New York; that 1s, contiguous to the manu- 
facturers, this 1s simple enough. as they send a qualified engi- 
neer to make the necessarv tests at the manufacturer's plant. 
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But what is the engineer or consumer to do who lives in New 
Orleans or San Francisco or Chicago? Clearly he cannot 
journey to New York to test his wire, and so is forced to accept 
any old thing that is called “ rubber-covered " when, as a 
matter of fact, it might be entirely destitute of any rubber. 

The object then of this paper is to point out and define 
means of standardizing rubber insulation. There is now no 
standard, no guide, nothing whatever to compel a uniformity 
of compound, excepting such as is obtained through a tedious 
and expensive chemical analysis. In doing this, however, it is 
not proposed to touch at all on technical and mathematical 
questions, such as capacity, heating, static conditions, and the 
like. These are matters which properly concern the electrical 
and consulting engineer, and while of great importance, are, 
after all, subordinate to the more vital and practical questions 
of good insulation. With this assured, everything else logically 
follows. And besides, theoretical formulas are of little value 
unless based on something specific and definite. With variable 
and uncertain premises, you cannot avoid variable and uncer- 
tain conclusions. And it is because of this widely varying 
character of rubber insulation that nearly all such formula 
are uncertain and misleading. Under existing conditions then 
the electrical engineer has little in the way of data to guide him 
in obtaining reliable insulation. 

This, I know, sounds very heterodox. For if there is anv 
one dogmatism to which electrical practice seems unchangeably 
attached, it is that of a firm belief in the value of a voltage test 
in determining dielectric efficiency. Yet nothing could be more 
misleading . Indeed it may be affirmed that a potential test is, 
in itself, no criterion whatever of permanent value. As an aid 
—as a collateral agent—it does, however, play an important part. 
But as indicating, much less proving, permanent merit, nothing 
could be more misleading and empirical. And the reason for 
this will, on a little reflection, be obvious enough. 

You are all familiar with the influence of certain oils on 
high-tension switches and transformers. These withstand 
potentials that, without these adventitious aids, would be alto- 
gether impossible. Certain mineral and vegetable oils will, 
therefore, stand extremelv high pressures, and in this we have 
a clue, and even a proof, why many obviously cheap insulating 
compounds stand very high potential tests, and vet will, in a 
short time, break down in actual service. The logic of this 
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anomalous condition is, that when these communicated oils in 
the compound evaporate—as they will in a short time—the 
temporary and adventitious virtues they possess, disappear 
also, and the insulation deprived of this artificial support, 
quickly falls into disintegration and decay. This is the in- 
evitable history of all such combinations. The situation 15 
somewhat akin to a horse '' doped " for a race, who shows a 
surprising turn of speed for a short distance, and then suddenly 
collapses. From this it will be seen that a puncture test is, 
in itself, an uncertain proof of dielectric excellence. 

What is it then that constitutes good insulation, and how 
can we ascertain and know it? This is the all important ques- 
tion. With this assured, everything else logically follows. 
The concensus of opinion, derived alike from theoretical and 
practical experience, 15 that rubber is the best of all insulating 
materials. There will, it is believed, be little dissent from 
this established conclusion. Its use to-day is practically uni- 
versal. It has survived the vicissitudes of time and experience, 
has successfully refuted the claims of all alleged substitutes, 
and stands to-day the unrivaled and indisputable factor in 
transmission, without which electrical progress would be un- 
certain and precarious. We need not, therefore, resort to any 
detailed proof of rubber's right to insulating preeminence. 
Twenty years of practical experience justifies the wisdom of 
its use. In fact, 1t 1s the quantity and quality of the rubber 
in the compound that differentiates the grade, and determines 
the price of every wire and cable on the market. 

But while rubber is the principal feature of good insulation, 
it is not the only feature. As a matter of fact, rubber in itself 
is valueless as an insulating medium. The reason for this 1s 
that in its native condition it absorbs a certain amount of 
moisture, and when exposed to the air readily oxidizes. These 
factors of disintegration naturallv preclude its use as a dis- 
tinct and separate constituent for insulating purposes. But 
in conjunction with other ingredients, and when allied with 
sulphur, and properly vulcanized, it becomes not only abso- 
lutely waterproof, but indeed, under normal conditions, one 
might say, indestructible. From this it will be seen that 
there are two factors involved in good insulation. The funda- 
mental thing is, of course, that the rubber be fine Para. But 
it does not matter how good the rubber 1s or how much of 
it is Incorporated in the compound, if the vulcanization is not 
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properly carried out, the insulation will be defective. In fact, 
it is hardly exaggerating things to say that the art, or the science, 
of rubber insulation, resides chiefly in the proper understanding 
of vulcanization. This consists in the addition of a certain 
percentage of sulphur—generally about 3%—to the rubber 
and then subjecting this association to a certain temperature 
for a certain duration of time. The result is vulcanized rubber. 
Vulcanization, then, is that more or less mysterious factor 
which gives the rubber longevity, durability and immunity 
from oxidation when exposed to atmospheric and other con- 
ditions. In short, it is what may be called ‘‘ embalming ”’ 
the rubber. Without it rubber is absolutely worthless for 
insulating purposes; with it, it becomes, under normal cone 
ditions, virtually indestructible. 

Bear in mind, however, that there are many and different 
grades of rubber, all varying in price as in quality, and it is 
only by a knowledge and recognition of this wide diversity of 
character that an engineer can intelligently make up specifica- 
tions and rigidly enforce them. 

Chemically considered, rubber is differentiated by the amount 
of acetone soluble, extractive, or resinous matter which it con- 
tains, and physically by its tensile strength. Both, of course, 
are closely related; for where it is chemically poor, it is also 
physically weak. In brief, a high percentage of resinous mat- 
ter is indicative of the cheaper grades, such as African, Mada- 
gascar, and some South American products; and a low percentage 
indicates the best grades of fine Para, such as Bolivia, Maderia, 
and Up-River. The best grades differ little as to merit, whereas 
the others fluctuate a great deal as to quality and price. In 
the former, the resinous matter is as high as 20%, and in the 
latter, it seldom exceeds 1%. 

This, then, 1s the chemical reason for the high regard in 
which fine Para is held, and it is with this grade that the fol- 
lowing specifications and tests will be exclusively associated. 
You will observe from this, that in proportion as rubber is 
high in extractive matter, its estimation is low; and vice versa, 
that as it is low in extractive matter, its price is high. In other 
words, both quality.and price will vary inversely with the 
amount of resinous matter. 

These commercial aspects are the result of practical experi- : 
ence; for it has been found that the life of rubber bears a direct 
relationship to the resinous matter it contains. It is, there- 
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fore, of evident importance to have an elementary knowledge 
of these characteristics; for it is a lack of this knowledge that is 
responsible for the wide and general mischief caused by the 
belief that all wires and cables called '' rubber-covered " are 
alike, when, in reality, if they possess any rubber at all, thev 
may have nothing in common but the copper conductor. 

With the physical aspect of rubber, you are all, no doubt, 
more or less familiar. It is, as you know, astonishingly strong; 
indeed, it is doubtful if a piece of fresh fine Para, of a few 
inches in diameter, could possibly be broken Ьу the average 
man. It is very elastic too, stretching to such an extent as to 
render a substance in itself opaque, perfectly translucent. 

Now, from an analysis of these facts, it will be perfectly 
obvious, that, since rubber is in itself very strong and verv 
elastic, these characteristics should be present in any insulated 
wire in proportion to the quantity and quality of the rubber 
in the insulation. And from this it would seem that good 
insulation resolves itself largely into a question of tensile 
strength. This, on the whole, is true. But owing to the im- 
mense influence exerted by vulcanization, this is subject to im- 
portant modifications which will be referred to, and enlarged 
on, as we progress in this paper. 

It is well known that while vulcanization, when prop- 
erly done, does not alter the constitution of rubber, vet it can | 
be made to affect adversely or deceptively modify its behavior. 
For example, if it 1s over-vulcanized it will become hard and 
somewhat brittle; and if under-vulcanized, it will become flabbv 
and inert. In either case the result is indicative of imperfect 
insulation, and will not fulfil the requirements of a tensile test. 
In the one case it will break, and in the other it will stretch 
but not return. Good insulation, then, is clearly indicated 
bv its prompt return after being stretched several times to, sav. 
three to four times its length. Stretching to three and one-half 
times its length, as above indicated, is, roughly speaking. 
equal to about 800 Ib. to the square inch. But bear in mind 
that merely stretching implies nothing; almost any kind of 
rubber will stretch. But where the first-class rubber is, the 
insulation will jump back with a vigor somewhat similar to a 
magnetic pull. What, however, is aimed at in this test, is a 
tensile strain of not less than 800 Ib. to the sqaure inch, and 
wherever practicable, this is much more effective in weeding 
out the cheaper grades of rubber, than the elongation test 
alone 15. 
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Now, it has been clearly and repeatedly proved that where 
there is 30% of fine Para in the insulation, this physical test 
is easily obtained. Of this there is not the slightest doubt. 
In obtaining this proof, every manufacturer on the American 
market unwittingly contributed to the result. It was felt 
that to rely on any one brand or any one make would be one-- 
sided and inadequate, and so every grade or combination of 
grades of different manufacturers was chemically analyzed, 
in order to verify the physical tests obtained. "The object was 
to discover a physical test that would enable the electrical en- 
gineer to obtain by a simple, inexpensive method, what can, 
with precision, be obtained only by a tedious and expensive 
chemical.analysis. The original calculations were based on 
the assumption, that since 30% of Para does, unmistakably, 
produce the tensile tests already referred to, anv insulation 
fulfiling these, must, necessarily, possess 30° % also. But it 
was found that a combination of a lesser amount of Para and 
a large amount of a cheaper grade of rubber, would initially, 
at any rate, produce the same test that 3065 of fine Para would. 
But to do it successfully, the compound has to contain between 
40 and 50€, of this cheaper grade. This can best be explained 
by a single example: bids were asked for on a 20 000-volt 
cable, the insulation to contain not less than 30%, of fine Para, 
free from all shoddy, rubber substitutes, and the like. The 
first two samples submitted did not meet the physical test, and 
were rejected. The third experiment was successful, met all 
the requirements specified, electrically and phvsically, but on 
a chemical analysis, here is what it contained: 15% of Para and 
30% of some cheaper grade of rubber, making all told, 45% 
to meet the requirements of the specifications. Now, this is 
an extremely interesting exhibit, the import of which will, it. 
is hoped, be evident to all. 

The first lesson that it convevs is, that this physical test, 
rigidly enforced, precludes absolutely the use of shoddy, bi- 
tuminous products, and even the cheap grades of rubber. The 
second is, that it takes 40 to 50° of a cheaper combination to 
do what 3065 of pure Para will do. 

Another way of looking at it is, that the physical test does 
not, in itself, prove that the insulating compound contains noth- 
ing else but pure Para. This, to be sure, is a drawback to its 
exclusive use where the best results are wished for. But, on 
the other hand, if 1t does not give you the best, it does, at any 
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rate, wipe out all cheap rubber substitutes, and gives vou an 
insulation that, if not equal in durability to 3065 of Para, is 
immeasurably superior to anything vou can now obtain bv 
any other means short of a chemical analysis. This, in itself, 
is an immense advantage. It enables the distant engineer 
‘to do what he could not do heretofore: to tell off-hand what 
the character of the insulation is; that is, to strip the insula- 
tion from the wire, and test according to the specifications herein 
to follow. Any one can verify the value of it by getting some 
code wire, and applving this test to it, or indeed, for that mat- 
ter, the best wire to be found on the market, and see what 
the comparison will reveal. 

In this test we have, it is believed, a cure for the growing 
degeneration of National Code wire. It enables the Board of 
Underwriters, architects, and engineers—all who are responsible 
for this class of work, to test .off-hand, and without expense or 
trouble, the character of the insulation. 

But while it does all this, the fact remains that the phvsical 
test alone, does not compel precise results—docs not necessarily 
compel 30% of fine Para in the insulating compound. It does; 
however, compel 3060 of rubber. This, as I have already said. 
is an immense advance over the bituminous products vou could 
ordinarily get. But there is rubber and rubber as there are men 
and men, and I am purposely reiterating this difference again, 
so that you will carefullv distinguish. between cheap grades 
and the fine Para. 

How to obtain--how to compel —3065 of fine Para in the 
insulating compound is, then, the problem, where the best and 
most enduring results are desired. There is, unfortunately, no 
way short of a chemical analvsis of proving this. And even 
then, we are constantly beset by stubborn facts and obscure 
difficulties. which may neutralize the value of an anlaveis 
unless the specifications be carefully worded. For the chemist 
and he must be a very skilful one at that—can prove nothing 
whatever except by imposing rigid restrictions as to what the 
compound shall contain. For example: were vou to merely 
say that the compound shall contain 30€ of rubber and leave 
it at that, then the analysis would prove nothing more than 
that there was 30% of rubber it in, but whether it was good, 
bad or middling rubber, it could not determine. Now, this 1s 
one of the perplexities of a chemical analvsis of rubber insula- 
tion. There is, however, a way of arriving at chemical pre- 
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cision, one which proves indubitably the character of the 
rubber employed. 

In the earlier part of the paper, it was noted that the ex- 
tractive or resinous matter in the rubber differentiated its grade; 
that is, the best grade of rubber has seldom more than 1%, 
and the cheaper, varying from 5 to 20%. From this it will 
be seen that by limiting the amount of resinous or extractive 
matter that should appear on a chemical analysis in the com- 
pound, you thereby determine the grade of the rubber. Of 
this, there is not the slightest doubt. You can verify this for 
yourself in the following way: ask for a price first on a wire 
or cable to contain, say 30% of rubber, and compare the cost 
of this with another which calls for 30% of fine Para, the ex- 
tractive matter in which, on a chemical analysis, shall not 
exceed from 3 to 5%. To all who are keenly analytical, the 
question will naturally occur, why allow 3 to 5% of extractive 
matter in this analysis, when the fine Para itself has native to it, 
only about 1 to 14%. Well, in the first place, during vulcaniza- 
tion, the extractive matter in a 30% fine Para compound, for 
some cause, increases to about 3%. We do not, at present, 
fully understand why this should be so, but it is so. And, in 
the next place, the addition of some extractive matter to this 
inherent or natural amount, 1s considered by the manufacturers 
a good thing for the insulation. But the total in the com- 
pleted or braided wire should never exceed 5%; for beyond 
this limit the chemist cannot differentiate the grade of the 
rubber, and thus the value of the analysis is compromised and 
useless. For this reason, tests should be made on the com- 
pleted wire, rather than on an unfinished sample. 

The following specifications will, it is hoped, in view cf what 
has been said, be intelligible to all. 


SPECIFICATIONS FOR RUBBER-INSULATED WIRES AND CABLES. 


All conductors to have at least 98% conductivity and to be 
thoroughly and evenly tinned. 

The insulating compound to contain not less than 30% and 
not more than 3265 of fine Para rubber. No shoddy, reclaimed 
rubber, rubber substitutes, or the like, must, in any form, 
be in the compound, the extractive matter of which, when 
chemically analyzed, must not exceed 5%. 

All wires and cables properly insulated їп accordance with 
the above provisions must, after 48 hours’ immersion in water, 


98 LANGAN: RUBBER-COVERED WIRES. [April 27 


e 


at a temperature of 60° fahr. and before tape, braid, or lead 
is applied, show the following insulation resistance and voltage 
tests. Insulation test to be made with a battery of 100 volts 
after one minute’s electrification. 


LOW POTENTIAL, 600 VOLTS. 


Voltage Test 


B. & S. Gauge. Wall. for 1 Minute. Insulation Resistance. 
No. 14 to 8 3/64 in. 1 000 1 000 megohms per mile 
6 to 2 4/604 " 1 000 1 000 rg 
1 to 4/0 5/64 '' 1 000 1 000 M m. m 
250 000 t» 500 000 cir-mils. 6.64 " ] 000 750 Ра i " 
550 000 to 1 000 000 " 7/64 '' ] 000 500 n = = 


MEDIUM POTENTIAL, 3500 VOLTS. 


` 


Voltage Test 


B. & S. Gauge. Wall. for 1 Minute. Insulation Resistance. 

No. 14 to 8 3/32 in. 5 000 3 000 кетте рег mile 
6 to 2 3.32 « 5 000 2. 500 P m om 
1 to 4/0 3.32 ** 5 000 2 000 "u^ S 
250 000 to 500 000 cir-mils. 3/32 " 5 000 1 000 = mo" 
550 000 to 1 000 000 “ 4,32 '' 5 000 600 x Ww е 


5000 VOLTS WORKING PRESSURE. 


Voltage Test. 


B. & S. тан, Wall. for 1 Minute. Insulation Resistance. 
No. 4 to 4/0 6,32 in. 10 000 2 500 NECS per mule 
250 090 to 500 000 cir-mils. 6/32 '' 10 000 1 500 " x: 
550 000 to 1 000 000 á 6/32 ' 10 000 1 000 5 * M: 


11000 VOLTS WORKING PRESSURE. 


Voltage Test 


B. & S. Gauge. Wall. for 1 Minute. Insulation Resistance. 
No. 4 to 4/0 9/32 in. 15 000 4 000 megohms per mue 
250 000 to 500 000 cir-mils. 9,32 ~“ 15 000 3 000 P 
550 000 to 1 000 000 T 9/32 " 15 000 1 500 $ T ji 


Voltage Test 


| 


B. & S. Gauge. Wall. for 1 Minute. Insulation Resistance. 
No. 4 to 4/0 10 32 in. 20 000 5 000 рр рег mile 
2 290 000 to 500 000 cir-mils. 10 32 20 000 4 000 
50 000 to 1 000 000 i [Oo i 20 000 2 500 = э ы 


Voltage Test 


D. &. S Gauge. Wall. for 1 Minute. Insulation Resistance. 
No. 4 to 4.0 12 32 1n. 20 000 6 000 megohms per mne 
250 000 to 500 000 cir-mils. 12,32 e 20 000 5 000 | M d 
550 000 to 1 000 000 Е 12/932. ** 20 000 3 000 " xs э 
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For railway signaling, fire alarm, telephone, and telegraph 
purposes the walls of insulation should not be less than the 
following: 


B, & S. Rubber Voltage Test Insulation Resistance 
(Gauge. Wall. for 1 Minute, Per Mile. 
18 1/16 in. 1 000 3000 Megohms 
16 1/16 " 1 000 3 000 < 
14 1/16 " 1 000 3 000 
12 5/64 '' 1000 3 000 
10 5/64 “ 1 000 3 000 
8 5/64 ' 1 000 3 000 
9 5/64 '' 1 000 3 000 
6 3/32. '' 2 000 2 500 
4 3/32 “ 2 000 2 500 
2 3/32 '' 2 000 2 500 
1 3/32 '' 2 000 2 000 
0 3/32 “ 2 000 2 000 
00 r 3/32 " 2 000 2 000 
000 : 3/32 '' 2 000 2 000 
0000 3/32 “ 2 000 2 000 


ELONGATION TEST. 


In addition to the above tests, the insulating material of 
every wire must stand an elongation test of stretching three 
times its length several: times; that is, a piece 2 inches long 
must stretch to 6 inches and promptly return to within 20% 
of its original length. It must then stretch four times without 
break or rupture and return to 25% of its original length. 

This elongation test is intended principally for Code wire, 
and would, even by omitting all conditions as to rubber, compel 
results that would be entirely reliable and satisfactory for all 
conditions of Code use. 

TENSILE TEsT. 

Any piece of insulation, about 4 in. wide by ў in. thick, 
stripped from the completed wire or cable, should stand a ten- 
sile strain of 800 Ib. to the square inch, and stretch to 34 times 
its length without rupture. 

The following provision will be found useful: the manu- 
facturer must notify the electrical engineer when wire is ready 
for testing, and in no instance must shipment be made until 
notified of approval and acceptance as per above tests. 


TESTS. 


In carrying out the tests embodied in these specifications, there 
is sought something quite different from the ordinary potential 
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and electrical tests. Heretofore the electrical engineer, when he 
imposed any test at all, relied solely upon a puncture test. 
If it met these requirements he asked for nothing more. If a 
wire or cable withstood a very high puncture test, it was looked 
upon as a prima facte evidence of dielectric excellence, for- 
getting that, had the pressure been maintained a moment 
longer, the insulation might have broken down. It is 
a most mischievous practice, and a wholly misleading notion 
of safety, to push a test up to, or even to approach closely the 
dielectric limit of the insulation; for it 1s no uncommon occur- 
‘rence to find the very best insulation hopelessly injured by this 
practice. It may not be well known, but it is a fact, never- 
theless, that it is the rise in temperature which accompanies 
a rise in potential, that is so destructive of rubber insulation. 
The layers next the copper naturally feel these injurious effects 
first, and they thus successively carbonize and break down 
with this increasing elevation of pressure and temperature. 

It frequently happens that a cable may pass an exacting 
puncture test, and be to all appearances in first-class condition, 
when in reality the insulation has been so strained that it col- 
lapses at the first physical or potential strain imposed upon it. 
This 1s a frequent occurrence. A potential test is not, there- 
fore, in itself, an exact nor even an approximate proof of in- 
sulating merit. | 

You must not, however, assume from this, that puncture 
tests are of no value, for they are, and of great value, but to 
be of value, they must be employed, not as a means to destroy 
merit, but to discover imperfections. Here, should be their 
chief object; and in this respect they are of incalculable im- 
portance to the electrical engineer. 

It is obvious that a cable may be well made up of very poor 
material, or it may be impertcctly made up of the very best 
material. In the one case, there 1s good workmanship with 
poor material, and in the other, bad workmanship with good 
material. In the first case the cable is intrinsically poor, and 
in the second it 1s intrinsically good but imperfectly made up. 
This imperfection may be slight or considerable; it may be 
due to a piece of gravel or an air-bubble in the compound. 
In a case like this, nothing but a puncture test will discover 
the fault. But the test should be nominal, and there is no 
need of pushing it to the point of rupture. If there is anv 
weakness or impertection, 5 000, 10 000, or 15 000 volts, de- 
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pending on the thickness of the wall of insulation, will discover 
it, after one minute’s application. 

It may be laid down as a safe, general rule that a puncture 
test should never exceed double the working pressure, but this 
is true only up to a certain limit, say 15000 volts working 
pressure. After 25000 to 30000 volts are reached, the tem- 
perature increases so fast that it becomes increasingly destruc- 
tive to the vitality апа durability of the insulation. | 

Much of the present tendency for high potential and break- 
down tests, 1s the result of an altogether erroneous comparison 
with tests imposed on paper-insulated and similar cables, 
which must, of course, be lead-covered, before any test can.be 
made. Such tests are of necessity “ dry tests," whereas rubber- 
covered cables, on the contrarv, are soaked 1n water and tested 
before the tape, braid, or lead 1s applied. For this reason it 
is hardly an exaggeration to say that double the potential 1m- 
posed on a paper cable, is no more exacting than half the amount 
apphed to a rubber cable. To expect, then, on a rubber cable 
anything like the same strain that 15 ordinarily put on a paper 
cable, would be, in effect, expecting rubber to stand double 
what paper stands. 

In saying this, there is no intention whatever, to institute 
comparisons between rubber and paper, or detract in any way 
from the merited recognition accorded to paper for certain 
work. All that 15 intended is merely to point out the fallacy 
of comparing tests, that, in their very nature, admit of no 
comparison. 

The specifications and tests here incorporated will, it is 
hoped, obviate this well-meaning but destructive practice. 
The really vital point is to make sure of the rubber in the 
insulation, and this being assured by the tests referred to, 
. all that 1s needed in the wav of a potential test is enough to 
disclose imperfections arising during the process of manufacture. 

The virtue of an insulation test 1s, as vet, imperfectly recog- 
nized by the electrical profession. In fact, engineers in general 
altogether underestimate the value of a high insulation resist- 
ance. It will doubtless surprise many to hear that as a criterion 
of merit, it 1s immeasurably better than a voltage test. The 
probable explanation of this seeming paradox is, that while a 
cheap compound will stand initially a high potential test, the 
current, because of this cheapness, will sneak through it, and 
show a low insulation resistance. 
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Conversely, then, a high insulation resistance is indicative, 
of a high-grade compound. At any rate, this much is certain, 
that in insulating compounds having 30° % fine Para, there is 
always associated with them, a very high insulation resistance: 
whereas in cheap compounds, the reverse 1s equally evident. In 
Code wire, for example, one cannot get over 400 or 500 megohms 
per mile, while the best grade of rubber will show three or 
four times this amount. A high insulation test should, there- 
fore, wherever possible, alwavs supplement a phvsical test, 
as it tends to elevate the grade of the compound. When, 
however, a chemical analvsis is contemplated, the necessitv 
for this is not so obvious; but where it 1s not, the two, if asso- 
ciated, will produce the most satisfactory results. 

The reason for limiting the rubber in the compound so as 
not to exceed 326, is this: it was found that by incorporating a 
large amount of cheap rubber with a small amount of Para 
the phvsical test could be nominally complied with, thus de- 
feating the intention of the specification to obtain the best 
insulation. The object of this limitation, then, is that by not 
permitting fine Para, or any other rubber, in excess of this 
amount, the best rubber has to be emploved to meet the re- 
quirements of the physical test. 

Obviously, one manufacturer cannot afford to use 35 to 40€, 
of fine Para at a materially less price than another who uses 
only 3067; and where an analvsis reveals such large amounts, 
or anything in excess of this limitation, there can be no doubt 
whatever, as to the inferior grade of rubber used. This pro- 
vision, then, is extremely important, because with its coni- 
pulsory observance there would be little need of a chemical 
analvsis at all, except in the event of a dispute, when it could 
be resorted to as a final court of appeal. The tensile test is, 
under the limits referred to, suthiciently reliable and adequate 
for every purpose, for in it. we have a means of standardizing 
rubber insulation that can neither be evaded nor denied. 
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COMMENTS ON PRESENT UNDERGROUND CABLE 
PRACTICE. 


BY WALLACE S. CLARK. 


There are certain practices now so general in underground 
cable work for light and power in America as to be almost 
standard. Some of these practices may be examined with ad- 
vantage. ` 

Cable making was an established art at least a quarter of a 
century before cables were made for service beyond signal 
transmission. Its development, therefore, has been somewhat 
more gradual than the development of the apparatus for gener- 
ating the energy transmitted. Perhaps this greater age has 
tended to undue conservatism. 

Practically all cables of the class under consideration have 
continuous metallic sheaths. Is this the best engineering? 


Low-TENSION CABLES. 


These are run in conduits with some portion of the circuit 
grounded. In railway practice one leg of a two-wire circuit, 
and in lighting the neutral wire, is permanently earthed. The 
continuous sheath on these cables is an invitation to stray 
currents and consequent electrolysis. While dry, well-vitrified 
tile is a fair insulator, but in time the joints between the sections 
provide leakage spots. Further, many ducts are damp at cer- 
tain seasons if not during the entire year, making the dirt which 
accumulates a sufficiently good conductor to offer an addi- 
tional path for stray currents. 

Grounding the sheath at each manhole was announced as a 
cure for electrolysis, but instead of a cure it has been found in 
some cases to be a cause of trouble. The amount of current 
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carried by the sheath is greatly increased, producing a drop 
in electromotive force between ground strips sufficient to cause 
a flow of current to earth at some intermediate point in the 
duct and in sufficient volume to give trouble. 

In case of a burn-out, the continuity of the sheath aggravates 
the trouble. Whether the initial fault is in the duct or in a 
manhole, the tendency of the arc is to travel along the cable 
and without a sufficient volume of current to operate safety 
devices, if such are in the circuit. If at any point another 
continuous metallic sheath comes within reach of the travelling 
arc, the fine earth it offers insures two cables out of service. 
Almost every large installation can furnish from its history a 
serious and expensive experience, illustrating this point. Fur- 
ther, during the burn-out a heavy current flows in the sheath 
and this may leave the sheath by arcing to earth on some 
perfectly good section of cable, melting a hole in the lead. 

The volume of current carried by these low-tension con- 
ductors in regular practice is so large that in many cases cir- 
cuit-breakers or fuses will not operate with the current due to 
the short circuit. The ammeters are a poor guide, especially 
in railway work. In many cases, the outside end of the line 
is solidly connected to a network which is capable of furnishing 
all the energy needed to maintain the arc after the defective 
cable 1s disconnected at the station end; so we cannot depend 
on protective apparatus as used to-day for prevention of these 
troubles. | 

Omitting the sheath will cure all the above ills. То do this 
would bar paper, leaded jacketed cables absolutely, and would 
increase the depreciation account if some type of cable insula- 
tion needing lead only, as wood needs paint, were used. Aban- 
doning the lead entirely is an economic possibility with only 
verv large conductors, where it may be cheaper to renew the 
insulation on a non-leaded cable, say once in 10 years, than 
to renew a lead jacket cable once in 20 vears. These figures 
are, of course, merely used for comparison, for there is little 
accurate knowledge as to the life of insulated cables. If, there- 
fore, we are compelled to use a lead sheath, the writer believes 
that it should be interrupted by some form of insulating joint 
on low-tension cables. 

If this plan is carried out, a serious difficulty is the inability 
to test the insulation of the cable. This may be met by the 
use of an insulated wire —proof or pressure wire—in the outer 
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layer of strands forming the copper core. Such a wire should 
be insulated with some material like treated paper susceptible 
to the absorption of moisture. 

For the purposes of initial tests when cable is installed, the 
joints in the sheath may be bridged by fine fuse wires, which 
are afterwards removed. Several methods of utilizing the 
pressure wire are suggested below: 

(a) The outer end of the pressure wire is insulated, in which 
case periodic tests of this wire for insulation resistance will 
show any incipient fault in the main conductor. Between 
tests the wire can be connected to a drop annunciator or other 
signaling device which will become operative in case of a 
burn-out, since the pressure wire will become “© alive " before 
any great amount of energy flows through the fault. It might 
also be made to operate a current-interrupting device. 

(b) The wire may be used to read the pressure at the far 
end of the line. The potential on the wire being opposite to 
that on the conductor in which it is embedded. А burn-out 
would reverse this potential and either make the wire “ dead ”’ 
or of the same potential and sign as the main conductor. 

This change in potential could operate devices as above out- 
lined under heading (a). If used in this way, the pressure 
wire would have to be disconnected at the far end for insulation 
tests; a much easier operation, however, than the disconnecting 
and insulating of the main conductor, and one not interfer- 
ing with working the line. 

À secondary use of the pressure wire would be to calculate 
the temperature of the main conductor by measuring variation 
in the resistance, figuring from length, loss in line, and known 
resistance cold. 


HIGH-TENSION CABLES. 


With high-tension lines some of the troubles due to the 
metallic sheath on low-tension cables are less marked. The 
load is usually more uniform and subject to less violent fluctua- 
tion, especially where sub-stations with batteries are in use, 
allowing protective devices to be set so as to operate more 
promptly. 

Further, in the case of a network such cables are usually 
protected against a reversal of current, so that the arc at the 
fault is not maintained by energy derived from the network 
or sub-station. 
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The metal sheath on high-tension cables must be earthed 
to prevent danger to life, and also risk of puncturing the insu- 
lation by cumulative static charge. It is probably unnecessarv 
to use insulating joints in the sheath of high-tension cables, 
except in some special case where local conditions require them 
to prevent an excessive amount of stray current being carried. 

In the matter of sheaths, for a number of years the writer 
has been advocating multiple-conductor cables for arc circuits 
instead of several cables in the same duct in trunk lines. The 
running of a lot of small cables in one duct 1s not good practice; 
a burn-out on one cable is likely to injure others in the duct, 
and the withdrawal of a defective cable for repairs is apt mechan- 
ically to injure the other cables. 

A properly designed multiple-conductor cable costs less, is 
easier to install, and safer to operate. Of course, one conductor 
in a duct is ideal, but barred bv cost in small sizes. 


INSULATION. 


Should we use a heavy wall of a cheap so-called rubber 
compound or a lighter wall of better quality? Examination 
of engineers’ specifications shows some curious ideas prevalent. 
Thick insulation has, among other points, these against it: 

1. Increased size of cable, involving increased cost of the 
sheath, duct space, and handling. 

2. Thicker wall for heat generated in conductor to flow 
through (partly balanced by increased radiating surface) re- 
sulting in higher operating temperature in the copper core. 

3. Most serious of all, however, is the frequent acceptance 
of a poor quality of compound having a very short life. 

The last sentence contains a clue to the evil: repute in which 
many engineers hold rubber-insulated conductors. There ap- 
pears to be some confusion in the minds of engineers as to 
certain basic facts concerning what 15 generally called rubber 
insulation. High-insulation resistance, high-puncturing re- 
sistance, and durability do not of necessity bear any relation 
to one another. Ап insulating material тау have any one, or 
апу two of these, and be deficient as to the remaining quality 
or qualities. High puncture resistance is the least difficult; 
high insulation resistance somewhat more difficult; and dura- 
bility the most ditficult of attainment. A reasonable amount 
of good rubber in the present state of the art, as known to the 
writer, 1s necessary to insure durability. 
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The table of puncturing voltage, insulation resistance, and 
electrostatic capacity tests given herewith shows that. these 
factors are not very good guides as to the durability of the 
insulation. 


Insulation | 


Relative | Breakdown Resistance Capacity | Relative Deterioration 
Amount Electromotive Megohms Microfarads | in one year in 
of Rubber. Force. Per Mile. Per Mile. Elastic Limit. 
1 17 000 volts 534 2. 66% 
19000 “ 1 185 1.2 30% 
3 18000 “ 1 150 ; 20% 


The above figures are based on 12 tests of each class; they 
are quoted, not to show absolute values but to make clear the 
point that the cheaper grades of insulation do not retain their 
elasticity. It should be noted that rubber compounds change 
quite rapidly at first and that the rate of deterioration becomes 
less with time. 

As an appendix to this paper, there is a set of specifications 
adopted by the Rubber-Covered Wire Engineers’ Association 
after more than a year’s work. These specifications are better 
than any heretofore seen by the writer. 

An idea of the life of a rubber cable leaded and operating 
at 11000 volts, 25 cycles, is presented below through the 
kindness of Mr. H. Alverson, Superintendent of the Cataract 
Power & Conduit Company, Buffalo. 


Cable No. 2 Cable No. 3 


1d vat Moose. COE S у ыз hi cca vs by Rm 21 493 ft. 21 493 ft. 
Added Tens 99 ЭЙ; 5.04.0 PTAS CASS о ER REIS ERES 10 559 " 10 559 “ 
Total in service from Jan. 22, 1899.................... 32052 " 32052 " 


BURN-OUTS. 


Dec. 28, 1897, Cable No. 2, 20 feet from end of pole line; 
cause no end-bells. 

May 11, 1898, Cable No. 3, same as No. 2. 

May 2, 1899, Cable No. 3, 8 931 feet from end; cause, not 
ascertained. 

Oct. 12, 1899, Cable No. 3, 14 845 feet, end in joint. 

1900, none. 

1901, none. 


Digitized by Google 


208 CLARK: UNDERGROUND CABLES. [April 27 


May 17, 1902, Cable No. 2, 14 224 feet from end in cable 
vault; mechanical injury. 

1903, none. 

Sept. 19, 1904, Cable No. 2, 14 204 feet from end; laborer 
drove gas pipe into conduit and cable. | | 

1905, none. 

March 27, 1906, none to date. 

In May 1900, Cable No. 2 was tested with 22 000 volts for 
. 24 hours. | 

Size of cable, 3/0; conductors, three; insulation on each соп- 
ductor 9/32-in. thick; no over-all jacket. 

The most noticeable fact brought out 15 that although most 
of the cable is more than eight years old, there is no indication 
of any electrochemical or other electrical action weakening the 
ability of the insulation to withstand the working pressure. 

Further, these cables originally operating alone are now in’ 
multiple with some 32 miles of three-conductor cables, and 
therefore subjected in all probability to more severe strains 
due to surges than when first installed. These are, I believe, 
the oldest working rubber-insulated, 11 000-volt, three-phase 
cables in use to-day. 

These data on rubber insulation are important, if, as the 
writer believes, cables for very high tension will be made with 
combined insulations of varving capacities, rather than with 
a homogeneous insulation of апу insulating material now in use. 

There is one more point which should be touched on, if only 
to repeat and emphasize what has already been said by Mr. 
Fisher*; that 15, the lack of judgment used by engineers in speci- 
fying the thickness of the lead sheath. 

Cables ares roughly, of two classes: those whose insulating 
material is not injured by submersion in reasonably clean 
water, and a second class which will not withstand such test. 
For cables of the first class the metallic sheath is primarily 
for the purpose of lessening the rate of deterioration, and sec- 
ondarilv to protect against mechanical injury during installa- 
tion. The sheath on these cables should be comparatively 
thin and be proportioned to the weight of the cable. The 
second class of insulation will only be serviccable so long as 
the sheath is intact, and therefore the metal should be heavier 
and show less variation as to its thickness with the weight of 
the cable. 


*l'RANSACTIONS, А. I. E. E., 1905, Vol. xxiv., pp. 397-414. 
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The above does not mean an endorsement of the specifica- 
tions which call for 4-in. lead on No. 6 and also on 2 000 000 
cir. mils, but rather the suggestion of a minimum thickness of 
g-in. on paper- and jute-insulated cables, increasing gradu- 
ally in proportion to weight and diameter to, say, js-in. 
on the largest cables (2 f in.) now in common commercial use. 

In closing, I hope that the Institute will take up actively 
the standardization of some of the principal dimensions of under- 
ground cables. 


APPENDIX. 


SPECIFICATIONS 30% RuBBER INSULATING COMPOUND. 
RUBBER-COVERED WIRE ENGINEERS ASSOCIATION. 


The compound shall contain not less than 30% by weight 
of fine dry Para rubber which has not previously been used 
in rubber compounds. The composition of the remaining 70°% 
shall be left to the discretion of the manufacturer. 


CHEMICAL. 


The vulcanized rubber compound shall contain not more 
than 6% by weight of acetone extract. For this determina- 
tion, the acetone extraction shall be carried on for five hours 
in a Soxhlet extractor, as improved by Dr. C. O. Weber. 


MECHANICAL. 


The rubber insulation shall be homogeneous in character, 
shall be placed concentrically about the conductor, and shall 
have a tensile strength of not less than 800 pounds per square 
inch. 

A sample of vulcanized rubber compound, not less than 
4 inches in length, shall be cut from the wire with a sharp 
knife held tangent to the copper. Marks shall be placed on the 
sample 2 inches apart. The sample shall be stretched until 
the marks are 6 inches apart and then immediately released; 
one minute after such release, the marks shall not be over 
2#-in. apart. The sample shall then be stretched until the 
marks are 9 inches apart before breaking. 

For the purpose of these tests, care must be used in cutting 
to obtain a proper: sample, and the manufacturer shall not be 
responsible for results obtained from samples imperfectly cut. 


ELECTRICAL. 


Each and every length of conductor shall comply with the 
requirements given in the following table. The tests shall be 
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0*5 Rubber Compound. Megohms Per Mile. 60 Deg. fahr. One Minute Electrification. 


t | | I 
3/64 2732| 5,64 | 3,32 | 7 64 | 4,32 | 5-32 | 6 32 | т 32 


1 000 000 cir. mils | | 900 | 210 | 235 265 | 300 
900000 “ | 235 250 | 280 | 315 | 360 
800000  " | 270 | 290 | 325 | 370 | 420 
700000  " | | 305, 325, 370 | 420 ! 480 
600000  " 340 365 | 420 | 470 | 540 
500 000 350 | 375 | 405 | 465 | 525 600 
400000 " 390 | 420 | 450 | 530 ' 600 | 670 
300000  " 430 | 470! 505 | 590 | 680 | TAO 
250000 " 455 | 500 540; 630) 720 кв 

40 stranded 440 | 480! 520 | 565 | 660 | 50 | һо 
30 " 450 | 490 | 535 | 580 | 675 | 770! 860 
20 " 460 | 500 545 | 590, 690 | 790 | 850 
LO c | 490 | 540 | 590! 650! 760. збо | өз 
1 solid | | 520) 580 | 635; 700 j око | 950 | 1 060 
2 | 500 | 550 | 6151 680 | 750 | 900 | 1040 | 1160 
49 | 530 | 585 | 650 715 | 795 | 940 т OKO | 1 210 
j | 560 , 620 | 690| 7507 830 | 990 1130, 1 260 
5 | 590 | 655 | 720; 790 870,1040 (1180 | 1300 
6 7" | lez» вва | zæ! вш! озо! 1100. 120 1350 
8 610 | 710 | 800 | BRO | 9N5 | 1 060 ШЕ | 1370 КЕТ 
9 650 | 750 | N50 | 940 | тозо ' 1130 | 1310 1440 | 1 500 
10 690 | 795 | 905 | 1000 | 1120 | 1 200 | 1 380 | 1510 | 1 620 
]2 ' 750 | 870 | 990 | 1140 | 1250 | 1370 ! 1540 | 1680 | 1 790 
Т 800 | 930 | 1060 | 1 200 | 1340 1470 1 640 | 1780 | 1 890 


ЗО Rubber Compound. Voltage Test for 5 Minutes. For 30. Minute Test, take NO' of 
These Figures. 


Size. Thickness of Insulation. 
| | | | | | | 
5,64, 6764 7.64, 4 32,5 32,06 32, 7,32 8, 32 | 9.32 ,10 32 
| | ' , 
| | | | 
| 4.000) 6 000 10 000 14 000 18 000 22 000/26 000:30 000 
| | | | | | 


4 о 6 000! 8 000 12 nid 16 000 20 000 24 К 28 000 32 000 


to 3250 000 


500 000 
to 250 000 


| 
4 Otol 4 T P 000 8 000 10 000 14 000 18 000 22 ш а woo ЗО 000-34 000 


2to7 4 000 6 E N UE 10 000 12 000 16 000 20 000 24 ооо 28 000,32 000 36 000 


| | 
S to 14 3 is c DON Y 7 OOO 9 000 11 000,13 000, 17 Vou: 21 000 2 25 ооо | | 


| | 


as 
45 
l 
т ою 000 TT 
| 
| 


1 
і 
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made at the works of the manufacturer when the conductor is 
covered with vulcanized rubber, and before the application of 
other coverings than tape or braid. 

Tests shall be made after at least 12 hours’ submersion in 
water and while still immersed. The voltage specified shall 
be applied for 5 minutes. The insulation test shall follow the 
voltage test, shall be made with a battery of not less than 100 
nor more than 500 volts, and the reading shall be taken after 
one minute's electrification. Where tests for acceptance are 
made by the purchaser on his own premises, such tests shall be 
made within 10 days on receipt of wire or cable by purchaser. 


INSPECTION. 


The purchaser may send to the works of the manufacturer, 
a representative who shall be afforded all necessary facilities 
to make the above specified electrical and mechanical tests, 
and also to assure himself that the 30% of rubber above speci- 
fied is actually put into the compound; but he shall not be 
privileged to inquire what ingredients are used to make up the 
remaining 70% of the compound. 
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Discussion ON ‘‘ TELEPHONE ENGINEERING," AT New YORK, 
FEBRUARY 23, 1906. 


(Subject to final revision for the Transactions.) 


Thomas D. Lockwood: In the early years of the telephone 
exchange, when the telephone engineers of the present time— 
yes, and the telephone business managers of the present time— 
were learning their business by hard knocks, we all thought, 
having no idea of course of what the telephone exchange would 
grow to, that the greatest and most wonderful feature of tele- 
phony was the invention of the telephone itself; and of course 
in a sense that was so and is so. But when all is said and 
done, and we have given to the telephone and its inventor all 
of the credit, honor, and glory to which it and he are unques- 
tionably entitled, I think we should still have enough to spare 
for the men who have built and perfected the telephone busi- 
ness, who have constructed and perfected the telephone ex- 
change, and who have designed and organized the art of tele- 
phone engineering, as expounded in the paper we have just 
heard. 

In the first five years of telephone exchange history, one of 
its most noticeable features was that each individual exchange 
throughout the country had its own peculiar system, its own 
switchboard, and its own method of operation. Each ex- 
change manager thought his own system was the best, and 
that there was no other worth looking at. This stage may be 
called the chaotic stage of telephone engineering. 

Then came a time when some began, blindly perhaps, to see 
that this way was scarcely adapted for a permanent business, 
and that of three or four hundred different systems, it was not 
possible that each and all could be the best or the worst; and 
it dimly appeared to some that a uniform svstem of engineer- 
ing was desirable, and that standardization was necessary ; 
and work along these lines was done, albeit still indefinitely. 
We may regard this period as the tentative stage of telephone 
engineering. 

Then at last comes the era of real telephone engincering, 
and in this the author of the paper of this evening was one of 
the pioneers. I could speak of his early career, but time will 
scarcely permit. Some of us, however, can readily recall a 
paper prepared by him for this INsTiTUTE as long ago as March 
17, 1891, entitled “ Inductive Disturbances in Telephone Cir- 
cuits;" and we remember with satisfaction its philosophic 
considerations and conclusions. 

I did not obtain a copy of Mr. Cartv's paper until this morn- 
ing just before starting for New York, but I have read it over 
once or twice alreadv with both pleasure and profit, and expect 
to read it again; and to keep it bv me, as опе does a volume of 
Shakespeare, for constant and frequent reference. 

The first point to attract my attention was thé author's 
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comment that '' not so many years ago ” the relation of a tele- 
phone building to the ''existing and probably future sub- 
scribers " received but scant consideration. . Yet this outlook 
into the future, and the possibilities and probabilities of growth 
is now—and justlv so—regarded as one of the most important 
considerations of modern telephone engineering. This word 
“future " therefore brings out the responsible character of the 
work of the telephone engineer most sharply. I do not suppose 
that in any other branch of engineering is it so necessary to 
‘take thought of the morrow.” 

Mr. Carty mentions that the life of the central-o/fice switch- 
board may be placed at about 15 years. In this, he is perhaps 
conservative. Judging from the past, and taking both wear 
and tear, and obsolescence into consideration, I should almost 
have been inclined to place the figures even lower. In a paper 
read at Chicago in 1901, at a convention of Public Accountants, 
by George Wilkinson, Vice-president of that societv, the author 
mentioned that he had recently had occasion to examine closelv 
into the depreciation of telephone exchange plant, and was 
inclined to '' fix the life of a switchboard at from 12 to 14 vears.”’ 

It 1s most interesting and instructive to note that the '' stand- 
ard of transmission " is a pre-requisite to a determination of 
the type of cable to be emploved; and the standard adopted 
in Manhattan, requires the use of such a cable as will in the 
worst case permit as good telephonic transmission as could be 
obtained between two central offices joined by a trunk cable 
of 10 miles of the standard type having No. 19-gauge con- 
ductors, with a mutual capacity of 0.07. The good quality of 
telephone talk in New York is thus accounted for. 

Mr. Carty points out, that while the development of tele- 
phone engineering on the correct lines of studving the needs 
and the quality of work required for a period of vears to come 
is not unlikely to be more or less productive of costly errors. 
there is really no other way; and that апу other way adopted 
would inevitably keep in mind, albeit unconsciously, the ne- 
cessities of the case; and would by its operations tacitly, though 
blindly, acknowledge and endeavor to meet them. The paper 
is most convincing on this point, and it 1s reasonable and ra- 
tional to believe that anv such blind procedure as might thus 
alternatively be adopted, would be productive of far more errors 
and far greater expense, than can possiblv be the outcome of 
the methods of careful and svstematic study. 

Referring to the operation on the recording basis of the 
present toll-board at the Cortlandt St. central station, certain 
expressions are emploved, which mav not be entirelv clear to 
every one, and which, for the benefit of the many who are 
going to read the paper, I hope Mr. Carty in his concluding 
remarks will explain a little more fully. These are the “two 
number method of calling” and the "particular partv method." 
I am not quite sure that I myself understand the exact sig- 
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nificance of these expressions, and perhaps others also would 
like to be informed. | 

The discussion bv the paper of flat and message rates 1s of 
vital interest; and the advantages generally of the message- 
rate plan seem so plain in the majority of cases, that we are 1n- 
clined to wonder that they were not recognized earlier. But 
it is to be kept in mind that telephone men themselves had to 
learn their own business little bv little; and that after all, though 
adherence to flat rates so long was doubtless in most cases ап 
error, it was an error which had been persisted in by the hotel 
business for many vears. When I came into the countrv 39 
vears ago 1t was hard to find a “ message-rate ' ' hotel, апу- 
where, even in New York. Now it is becoming difficult to find 

“ flat-rate " hotel. 

It may be, that to some, Mr. Carty’s graphic description of 
the manvsidedness and multifariousness of the conditions, es- 
sential studies, and exacting requirements of telephone en- 
gineering, and of the' numerous duties and requisite qualifica- 
tions of the telephone engineer who 15 called upon to unite in 
himself the functions of an engineer, a diplomatist, and an 
actuary, may seem overdrawn, idealized, and impossible of 
attainment. This however is not so. Nothing less than the 
constant practice of just such engincering; nothing less than 
precisely the work of just such a telephone engineer, could have 
made the telephone system of New York what it is to-day. 

The paper commands ту heartiest admiration. Its propo- 
sitions must meet the heartiest assent of every modern telephone 
engineer. It is replete with graphically stated facts, and I 
am glad to know that it will be a part of the annals of this 
INSTITUTE. 

President Wheeler: I know of an incident that is worth 
mentioning. as I think it serves to show the great growth 
of electrical work of all kinds. In my early experience [ was 
employed bv a man who had the rights for the telephone svs- 
tem in New York City, and he felt rather pleased because he 
had just succeeded in inducing some one to buy these rights 
from him for 310 000. . 

Bancroft Gherardi: There is one phase of telephone engi- 
neering which Mr. Carty has necessarily only touched upon 
briefly. That is the engineering which, as a matter of ad- 
ministrative efficiency, should be done in the various executive 
departments ot the organization. The most conspicuous ex- 
amples of these are the engineering which must be done in the 
department under the control of the superintendent of traftic, 
and in the department under the control of the superintendent 
of construction. The engineering us in the trathe department 
is in charge of an engineer usually designated as the trathe 
engineer, Who has reporting to ee a sufficient number of as- 
sistants to do the required work. This engineer 15 charged 
with responsibility. for a large amount of work, which, while, 
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essentially engineering in its. character, is nevertheless so 
closely related to the detail methods of operation in use in the 
traffic department, and the detail administration of that depart- 
ment, that to have it done in the office of the chief engincer 
of the company would require that the chief engineer should 
keep complete records in all detail of matters going on in the 
trafic department, and be familiar to the last detail with a 
vast number of administrative questions concerning that de- 
partment. 

One of the functions of the trathc engineer is to watch care- 
fully the growth of the business with reference to the require- 
ments for additional equipment of all kinds for switchboards, 
and at a proper length of time in advance to make a report 
Stating that additional equipment is required, and recommend- 
ing the extent of such equipment. 

To give an idea of the complexity of this function alone, I 
might say that the following are some of the details which the 
trathc engineer has to watch in connection with each large 
switchboard in the system: 

1. The number of subscribers’ lines available in the multiple. 

2. The number of switchboard positions available for sub- 
scribers’ operators. 

3. The number of switchboard positions available for trunk 
operators of various classes. 

4. The number of incoming trunk cords available for incoming 
trunk lines of various classes. 

5. The number of call-wire circuits available for calling cir- 
cuits. 

6. The arrangement of answering jacks so that it may be 
ч to give all operators at the switchboard proper loads. 

. In addition to these items in the switchboard itself there 
are all of the various items concerning the information desk, 
the assistant manager's desk, and the managers desk,—all 
elements of the plant which are of the utmost importance in 
connection with an efficient operation of the system as a whole. 

The report recommending additional switchboard equipment 
is made to the superintendent of trathc, and if approved by 
him, is transmitted to the chief engineer. The report if in proper 
form gives the essential facts upon which the recommendation 
is based, and enables the chief engineer to pass promptly on 
the matter. As will be seen bv this routine, the chief engineer 
does not necessarily have to concern himself with the detail 
affairs of the trafhe department, while at the same time he is 
not relieved of the responsibility in regard to the amount and 
character of plant provided. 

Another very important function of the traffic engineer 1s 
to watch the constant growth of the business trunked between 
various offices and handled over toll lines between various sec- 
tions of the territory. It 15 his dutv to originate recommenda- 
tions for additional trunk circuits that may be required to takc 
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care of this business. These recommendations when requiring 
additional plant are in due course transmitted to the chief 
engineer, with a request that a formal estimate be prepared 
and an appropriation asked for. Thus the matter comes betore 
the chief engineer, and again, as in the case of the switehboard 
equipment, the final responsibility is with him. 

Numerous cases arise in which it is necessary that detail 
studies should be made of various operating methods. These 
studies can best be made by some one forming part of the 
traffic department, and it is in general the trathe engineer's 
duty to do such work. The results of these studies, when thev 
indicate any important change in the operating methods of 
the company. are submitted to the chief engineer with the 
facts in the case, and he in this wav passes upon the matter. 

In the construction department there 1s necessitv for a con- 
struction engineer, who performs with reference to that de- 
partment functions similar in their general nature to those 
performed by the traffic engineer in the trathic. department. 
One of the very important functions of this construction engi- 
ncer 1s to keep constant watch of the cable situation, and to 
recommend at a sufficient length of time in advance additional 
cables or extensions of cables to take care of the business. 
These recommendations are made by him to the superintendent 
of construction, and bv him transmitted to the chief engineer 
with a request for estimate. Upon being received by the chief 
engineer thev are checked up, and thus again the responsibility 
is finally with him. 

In cases such as this, where the administration of the con- 
struction department and its engineering work are etticient, 
the principal work of the chief engineer in connection with 
such cases is to see that the plans proposed fit in with the 
general studies and general scheme of development. He also 
sees that the plans provide for the use of standard materials 
or materials appropriate to the particular situation 1n question. 

An important function of the construction engineer is with 
reference to the rights of wav necessary to carrv out contem- 
plated pole-line construction. Such rights of way are so inti- 
mately associated with the final planning of the construction, 
that they must be obtained prior to the preparing of actual 
plans for the work. At the same time the rights cannot be 


obtained without careful engineering consideration as to what 


such plans should be. Hence it has been found that in a 
large company the rights of мау had best be handled by the 
construction engineer, and the right-of-way work is a verv 
important part of his duties. 

From an engineering standpoint I think it is safe to charac- 
terize the development of an organization having engineers in 
the construction and the trathe departments as one of the 
important steps which lead to efficiency of the operating or- 
ganization as a whole. 


= O _ 
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C. P. Steinmetz: Telephony has always been very fascinating 
to me, when considering it as a transmission of sound over 
great distances, and bv currents so minute that onlv recentlv, 
and by the most sensitive oscillographs, has their record been 
reproduced on the photographic film. 

To the electrical engineer, even if he is not directlv interested 
in the industrial application of the telephone, telephonv is ot 
great interest and highly instructive as a form of transmission 
of electric power, entirely different in its purpose from the 
high-potential transmission of larger powers, and different 
therefore in its methods and in the problems involved in its 
successful accomplishments. 

In electric power transmission, as usually considered, the 
problem is to deliver, at the end of the transmission line as 
high a percentage as possible of the power sent into the line. 
That is, the efficiency of transmission 1s the principle considera- 
tion. 

Not so in telephony. Here the problem is to deliver at the 
end of the line the electric power in the form of an alternating 
current of the same very complex wave-shape as the current 
sent into the line; that is, with the same relative intensity of 
all the harmonics of the complex wave representing the sound. 

If it were a question of delivering sufficient electric energy 
to operate the telephone, the problem would be verv easy; 
the telephone is so sensitive an apparatus, that enough energy 
could be transmitted from San Francisco to New York, and 
even farther still—over a trans-atlantic cable to London—to 
operate the telephone with an almost insignificant expenditure 
of energy at the sending end. But with such a long distance, 
while the sound could be heard, the articulation would be lost; 
only the fundamental wave would arrive, the higher harmonics 
being almost entirely suppressed. But in speech the higher 
harmonics are of main importance, and not the fundamental 
wave. It is the higher harmonics which differentiate sounds, 
and so constitute articulate speech; let them be blurred and 
the result is a noise rising and falling in pitch, but no articulate 
speech. 

In telephony the problem therefore is to transmit electric 
energy, practically regardless of efficiency, with as little destruc- 
tion or deterioration of the very complex wave-shape as pos- 
sible, while in high-potential power transmission the desire 1s 
to have only a fundamental sine wave and none of the higher 
harmonics. The transmission of the higher harmonics is what 
constitutes the problem of telephony. 

J. J. Carty: Mr. Lockwood has asked me to explain what 
is meant by the expression ‘‘ two-number business." This is 
a method of designating certain toll calls wherein the sub- 
scriber, in giving the call, employs the number rather than 
the name of the party wanted. Business handled in this way 
can be conducted more expeditiously than when the subscriber 
calls by name, as is the case with certain classes of business. 
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The name '' two-number business " probably arises from the 
fact that the recording operator writes upon the ticket two 
numbers, one of them being the number of the partv called for 
and the other the number of the partv calling. 


A paper presented at the 23d Annual Conven- 
tion of the American Institute of Electrical 
Engineers, Milwaukee, Wis., May 28-31, 1906. 


Copyright, 1906. By A. I. E. E. 
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MEASUREMENT OF TEMPERATURE BY ELECTRICAL 
MEANS. 


BY EDWIN F. NORTHRUP. 


The measurement of a physical quantity implies, generally, 
the numerical comparison of the quantity with a certain se- 
lected quantity of the same kind taken as a unit. Temperature, 
however, can not be treated as a quantity in the same sense. 
It 15 rather to be considered as a state in which matter is found, 
and all temperature measurements are made by comparing 
the changes produced by heat їп some form of matter. As 
shown by Lord Kelvin as early as 1848, temperature may be 
expressed on a scale which is independent of any particular 
form of matter, but this thermodynamic scale can not be used 
in actual temperature measurements, which, in practice, con- 
sist in comparing the changes in some particular forms of 
matter produced by heat. 

Certain gases change in volume under constant pressure or 
change in pressure under constant volume in a nearly regular 
manner with equal increments of temperature, as estimated on 
"the thermodynamic scale. Gas thermometers have, therefore, 
naturally been chosen as standards with which to compare 
the changes in various forms of matter, which changes may 
then serve as a convenient means of temperature measurement. 

It is probable that all matter exhibits more or less change 
with even slight temperature variations. Upon no physical 
phenomenon are human affairs more dependent than upon 
temperature and its relatively small natural variations. It is ow- 
ing to the fortuitous circumstance that our planet now continues 
at about the one twenty-fifth of its probable past temperature 
that life as we know it can exist. But only in the last century 
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has the science of thermometry become clearly understood. 
Its principles are now well known, but it still needs to be further 
applied in our scientific enquiries and in many of our industries 
which are largely dependent upon it. Recent developments 
in producing immense ranges of temperature, from the cold of 
solid hydrogen, where the last motions have been nearly ex- 
tracted from it, to the all-matter fusing heat of the electric 
furnace, have called for many new developments in the science 
and art of thermometry. It is now recognized that many 
industries, as the making of iron, porcelain, and glass, and many 
chemicals, can be greatly improved bv using methods for 
accurately measuring temperatures. A knowledge and control 
of the temperature of storage places, as of grain, tobacco, ice, 
food-products, and the like, is often required. This puts a 
demand upon thermometry of measuring the temperature in 
one or many places, but observing or recording it in a place 
which is distant from where it is taken. 

These and many other requirements have demanded and 
obtained, quite recently, an increase in methods, a refinement 
in precision, and an extension in range of temperature mcasure- 
ment. 

The whole science of thermometry, especially if extended 
into high temperature pyrometry, is far too extensive to re- 
ceive even a superficial treatment in a paper of this kind. 
Experiments and experience, however, have shown that the 
changes produced in electrical resistance by temperature and 
the thermoelectrical forces which it develops give, in the ranges 
over which the methods apply, the most delicate and simple 
means of temperature estimation. 

The treatment of temperature measurement falls, there- 
fore, into the province of the electrical engineer, and it is only 
the electrical methods of measuring temperature that will be 
considered here. 


ELECTRICAL RESISTANCE THERMOMETRY. 


Electrical resistance thermometry is possible because very 
many electrical conductors change in resistance with change 
of temperature in a perfectly definite manner. 

The percentage change in resistance of the pure metals with 
temperature is a larger change than the percentage change in 
volume of gases, and over twenty two times as great as the 
volume change in mercury. Thus, the coefficient of expansion 
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of nitrogen gas is 0.0036738, and of mercury, 0.000180, while 
the coefficient of increase of resistance of pure nickle is about 
0.0041 per degree cent. between 0° and 100° cent. 

A change in electrical resistance can be measured with greater 
ease and far greater precision than a change in volume of a 
liquid or a gas. A change in either a high or a low electrical 
resistance can very easily be measured when it is one part 
in a million. Thus, the sensitiveness of the electrical resistance ` 
method of measuring temperature is very great. In the use 
of the bolometer, where the electrical resistance method of meas- 
uring temperature 1s carried to its greatest delicacy, temperature 
changes as small as one ten millionth of a degree cent. are said 
to be easily detected. 

For the electrical resistance method of measuring tempera- 
ture to be of general value, the resistance which is measured 
must always return to the same value when brought back to 
the same temperature. Fortunately, experience has shown 
that when the proper resistance materials are chosen, and 
proper precautions in their treatment have been used, the re- 
liability of the method in this respect is very satisfactory. 
A properly constructed resistance thermometer if not exposed 
to too high a temperature will maintain its calibration better 
and longer than the best mercury thermometer, which is 
usually subject to small alterations and irregularities. 

Curves which express the change of resistance with change 
of temperature of most pure metals all point at a low tem- 
perature to the zero of the absolute temperature scale. For 
a time this seemed to indicate that the resistance of the pure 
metals would vanish at the absolute zero of temperature. Later 
experiments made by Dewar at the temperature of liquid 
hydrogen, —252.7? cent., showed that the above conclusion 
was not justified, as at this low temperature the several re- 
sistances measured all tended to become constant. 

As the pure metals are greatly elevated in temperature, the 
rate of increase in resistance with temperature also becomes 
less and less. Thus, over extensive temperature ranges, there 
are no metals of which the resistance is even approximately a 
linear function of temperature. Small impurities in the pure ` 
metals effect also the amount as well as the law of their change. 

These facts make it unlikely that an electrical resistance 
temperature scale will be found bearing such definite relations | 
to the absolute temperature scale as conveniently to serve for 
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a standard scale of reference in the same manner as does the 
scale of the gas thermometer. When, however, the means are 
available, it is relatively easy to determine experimentally the 
relation between the electrical resistance of any particular 
specimen of wire and the temperature throughout the working 
range of the gas thermometer, if this does not exceed 900° or 
1 000° cent. An electrical resistance thermometer can then be 
made of this specimen of wire, and it will serve as a stand- 
ard with which other resistance thermometers may be very 
simply and easily compared. 

The law of variation of electrical resistance with temperature 
in the case of platinum has been investigated by Callendar 
and Griffiths, and several others.! In this work it is shown that 
in the case of platinum the following relation exists between 
the temperature і, as measured on the air thermometer and 
the resistance of the platinum. 

Let р, be a temperature as defined by the relation 


where R is the resistance of a given specimen of platinum at 
0°, Коо at 100°, and К, at t°, all measured on the centigrade 
scale. It is then shown that placing 
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expresses the difference between the platinum temperature as 
above and the temperature as measured on the air thermometer. 
This '' difference formula,” as it is called, holds to within 0.1? 
cent. up to 500? cent., and within 0.5? cent. up to 1 000? cent. 
In this formula д is a coefficient which varies with the particular 
specimen of platinum used. For very pure platinum it is about 
1.5, and larger for impure specimens. To determine д the 
resistance of the thermometer is measured at the three known 
temperatures, 0? cent., 100? cent., and 444.5? cent., the boiling 
point of sulphur. The authors referred to give convenient 
methods of using the difference formula to convert the tem- 


1. A full treatment of this subject is to be found in Chapter V of the 
excellent work entitled. * High Temperature Measurements," by H. Le 
Chatelier and O. Boudouard, and translated by G. К. Burgess. 
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peratures as given by the platinum resistance temperature 
scale to degrees centigrade as given on the scale of the air 
thermometer. : 

To engineers and those who have to make actual use of re- 
sistance thermometers the theoretical side of the subject is of 
small interest.: There is a practical procedure which may be 
adopted that makes it unnecessary for manufacturers or users 
to give consideration to these methods of standardization of 
resistance thermometers. The instrument maker may care- 
fully construct a resistance thermometer to serve as a standard 
and send this from time to time to the National Bureau of 
Standards at Washington. The bureau will measure the re- 
sistance of this thermometer at several known temperatures, 
over a wide range, which are given by their standard resistance 
thermometers, and furnish a certificate giving the relations 
that are found between temperatures and resistances of the 
thermometer submitted for calibration. The instrument maker 
may then use this thermometer as a standard with which other 
thermometers are easily calibrated. This is done by direct 
comparison in an oil bath for medium temperatures, and in a 
specially constructed electric furnace for. high temperatures. 
Cold brine, or other means, may be used for making the com- 
parison at low temperatures. 

The feature of paramount importance in the use of electrical 
resistance thermometers is the constancy with which they 
maintain their calibration. This subject has received consider- 
able attention, especially in the case of thermometers made 
of platinum wire, and the results observed have proved the 
entire reliability of this material for temperatures not exceeding 
800° cent. or 1000° cent. It is highly probable that other 
materials will behave in an entirely regular manner if not 
subjected to too high temperatures. 

Careful investigations of the constancy of other materials 
than platinum, that are suitable for resistance thermometers, 
are greatly needed. But the investigations so far made show 7 
that where permanent alterations in resistance occur they may 
usually be traced to causes which proper precautions may avoid. 
Thus, the material selected for the thermometer may by nature 
be of an unstable character. Iron, for example, is an un- © 
suitable metal to use. The material may contain impurities 
which by vaporization, crystallization, or otherwise, cause the 
resistance to alter gradually. The wire of which the ther- 


224 NORTHRUP: ELECTRICAL [May 39 


тотеісг is made may have been subjected to mechanical 
‘strains which gradually work out with repeated heatings, thus . 
altering the resistance. If the material is one which does not 
oxidize, it may still be greatly affected at high temperatures 
by absorbing gascous impurities. Thus, a nickel- or a platinum- 
wire thermometer heated to 400? cent. in a brass tube is ruined 
by absorbing the metallic vapors given off. For the same 
reason, all metal solderings near the resistance wire are liable 
at high temperatures to give off vapors which affect the per- 
manent resistance, besides endangering the formation of local 
resistance at the joints. 

Proper construction and choice of materials can remove all 
the above causes of permanent alterations. It may be that in 
the case of platinum, to some extent at least, and more so 1n 
other materials, slow permanent alterations in resistance occur, 
the cause of which is not known. Only extended investigations 
can give the limits of these possible alterations. Enough work 
has been done, however, to show that for even very refined 
work the reliability of platinum and some other materials 1s 
sufficient, if too high temperatures are not used. 

In resistance thermometry, practical details of construction 
are all important. The chief of these will now be considered. 


CONSTRUCTION OF RESISTANCE THERMOMETERS. 


The best material of which to construct a resistance ther- 
mometer depends upon the temperature range to be meas- 
ured, as well as upon the physical qualities of the available 
materials. 

Constancy of composition and other practical considerations 
seem to limit the choice to a few of the pure metals, usuallv 
in the form of wire. The metal which has received the most 
study is platinum. It can be used over a very wide tem- 
perature range, and can be obtained under the name of. Herzus 
platinum in a state of great purity. "This material answers 
every requirement of resistance thermometry, except that it 
is very costly. А substitute for platinum should, therefore, be 
sought and used wherever it will serve as well. This substitute 
should be inexpensive, and obtainable in a pure state. It is 
desirable that it should have a high specific resistance, com- 
bined with a large temperature coefficient. It should be un- 
oxidizable under usable conditions, and withstand a high 
temperature without deterioration or permanent alteration in 
resistance. | 
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Ап examination of the pure metals shows that these con- 
ditions are best met by nickel. The writer has had many 
thermometers constructed of this wire for temperatures ranging 
from — 40° cent. to 300° or 400° cent., and has found it entirely 
reliable for this range. Conclusive experiments made to de- 
termine the availability of nickel for high temperatures would be 
very useful. It has a higher coefficient than the purest platinum, 
nickel being about 0.0041 per degree between 0° cent. and 100° 
cent., and pure platinum, 0.0039, and commercial platinum but 
about 0.002. The specific resistance of pure nickel and pure 
platinum is in the ratio of about 933 to 1 OON. 

It may here be remarked that a determination of the tem- 
perature coefficient of the metallic elements offers usually a 
very delicate test of their purity, and specimens of nickel and 
platinum which show a low temperature coefficient can posi- 
tively be considered as impure and inferior for use in resistance 
thermometers. 

Another test of interest, especially on wires intended for use 
in thermo-couples, is to attach the two ends of a short length 
to the terminals of a very sensitive galvanometer, and to pass 
a flame along the wire. If the galvanometer gives positive 
and negative deflections of considerable magnitude, the wire 
may be known to be unhomogeneous, and liable to have para- 
sitic currents set up in it when exposed to high temperatures. 
A pure nickel and a pure platinum wire should show little of 
this effect. 

The particular purpose for which a resistance thermometer 
is to be used largely determines its special features of construc- 
tion. Broadly classified, resistance thermometers are particu- 
larly useful in the following cases: 

1. Measurement of all temperatures below — 40° cent., the 
freezing point of mercury. 

2. Measurement of all temperatures up to 1 000° cent., when 
the temperature is to be taken at a place where it can not be 
directly observed. | 

3. Measurement of temperatures below 1 000° cent., and 
above the range of the mercury thermometer. 

4. Measurement of all temperatures below 1 000? cent., which 
have to be photographically or otherwise recorded. 

5. Where small temperature differences or variations are to 
be determined for which the mercury thermometer is not 
sufficiently sensitive. | 
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It is evident from such a classification as the above that 
there can be no general form or type of construction of a re- 
sistance thermometer. Each special requirement must be 
met by the instrument maker, who must be guided in his 
designs by experience and a study of the conditions. The 
form of thermometer having been chosen, the particular method 
of reading the resistance variations and of expressing them in 
degrees should have particular care, for in nearly every case 
which arises different requirements have to be met. 

Resistance thermometers for use below 140° cent. are of rela- 
tively simple construction, for in this case silk-insulated nickel 
wire may be used. Certain precautions, nevertheless, need 
attention. The mass of the wire used and that of the body on 
which it is wound should be small, or the temperature of the 
resistance wire will lag behind any changing temperatures which 
are being measured, and lead to erroneous indications. The 
wire must be so chosen in respect to size and resistance that 
the heating of the wire by the needed measuring current shall 
be entirely negligible. 

The constancy of any wound resistance depends largely upon 
the treatment to which it is subjected after being wound. 
The winding of the wire introduces strains, which gradually 
work out, causing variations in the permanent resistance. 
This certain result is avoided by an artificial aging, which 
consists in maintaining the wire, before the thermometer 1s 
calibrated, at a temperature higher than that at which it will 
be used, for several hours or days. 

It is needful to end off the terminals of the wire, especially 
if short, in such a manner that no local variations in resistance 
can occur at the joints. As a rule the terminals should be 
hard-silver soldered for low-temperature thermometers, and for 
high-temperature thermometers all joints exposed to the high 
temperature must be welded joints. 

Generally, the resistance wire needs to be protected by a 
casing. When, however, as in the measurement of moderate 
temperatures of gases or insulating fluids, the wire can be 
directly in contact with whatever is to have its temperature 
determined; the resistance thermometer assumes the surround- 
ing temperature very quickly, far surpassing the mercury ther- 
mometer in this respect. If a casing must be used, it should 
be so shaped that the ratio of its surface to its volume 15 large, 
and the construction should aim to reduce to a minimum the 
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heat which conducts along the case or which 15 distributed by 
air convection within it. Reproductions are here given of three 
tvpes of resistance thermometers designed for the measurement 
of low or moderate temperatures. | 

The thermometer shown in Fig. 1 was constructed for use 
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in measuring and recording with great precision the tem- 
perature differences between two brine mains. The average 
temperature of the brine was about — 37? cent., and the aver- 
age difference of temperature between the two mains was about 
1.5? cent. The allowable error was 0.01? cent., and hence great 
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care in the construction of the thermometers, as well as in the 
rest of the apparatus, was required. This thermometer was 
wound with No. 35 platinum wire, of great purity. Its resist- 
ance at room temperature was about 80 ohms. It is prob- 
able that nickel wire would have served as well, but because 
of the better known properties of platinum and the importance 
of the experiment platinum was selected. 

It should be noted that the steel case 1s long, and small in 
diameter, that the winding ends well below the nut which 
screws into the brine main, and that the wire is wound on a 
light frame of micanite, having a minimum of mass. A small 
sudden change in the tempcrature of the brine was followed 
by the thermometer to within about 0.005? cent. within two 
minutes. | 

Fig. 2 15 a sectional view of a form of resistance thermometer 
made for the purpose of measuring the temperature of the soil 
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at different depths where the thermometers are permanently 
buried. The winding is in the ‘form of a skein, and No. 35 
silk-insulated nickel wire is used. To insure permanency, the 
wire should be kept immersed after winding in hot parathn 
for three or four days. The changes in the temperature of the 
soil are very slow, and hence there 1s no need to provide against 
a temperature lag of the thermometer winding. 

The resistance is made large, about 90 ohms at 20? cent., 
and the winding is encased in a brass tube filled with paraffin. 
The lead-covered leads are soldered with a wiped joint to the 
brass tube, thus preventing the entrance of moisture, which 
has to be carefullv avoided. The resistance of the thermo- 
meter being high, the changes in ene resistance of the leads is 
entirely negligible. 

A similar construction would be suitable for measuring the 
temperature of the interior of stored material, such as grain, 
tobacco, hay, wheat, etc., also for measuring the temperature 
of cold-storage rooms. Апу number of such thermometers 
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can be located at different places, and be connected by a switch, 
one at a time, to a single reading device which reads directly 
in degrees fahrenheit or centigrade. The methods of reading 
these and other resistance thermometers will be presently de- 
scribed. 

A and B, Fig. 3, are reproductions of two forms of platinum 
resistance thermometers designed to measure the temperature 
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of superheated steam under considerable pressure. In form A, 
the winding is directly exposed to the heated steam, while in 
form B, the winding is protected in a thin steel bulb. The stem 
of this latter form is made of small diameter to reduce to a 
minimum loss of heat by conduction. These thermometers 
were designed to read temperatures to about 300° cent. 
Resistance thermometers give the most accurate and con- 
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venient means of measuring high temperatures up to 1000° cent. 
or possibly more. It is stated by Le Chatelier! that experiments 
carried out at the National Physical Laboratory, England, 
showed that throughout the temperature range of 1 000° cent. 
the agreement between the scales of the platinum-resistance and 
the thermo-electric pyrometers tested was within 0.5° cent. 
Le Chatelier adds, page 106: 


These results confirm the view of the sufficiency of the difference 


formula 
pnt [rus |i 
j Pi 100 ' \100 
for the most accurate work up to the upper limit of the safe use ot the 


platinum-resistance thermometer. 


The upper limit referred to is about 1 000? cent. 
Such statements as the above, however, are true only when 
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the resistance thermometers have been constructed in a par- 
ticular manner to avoid alterations and deteriorations in the 
wire that are sure to result at high temperatures with im- 
proper construction. Platinum heated red hot and exposed to 
certain gases, as hydrogen or metallic fumes, absorbs impurities 
which permanently alter its resistance, and often render it 
extremely brittle. The writer unwittingly ruined both a plat- 
inum and a nickel thermometer by exposing the wire encased 
in a brass tube to a red heat. The fumes of zinc given off 
were absorbed by the resistance wires, rendering them so brittle 
that they fell to pieces when lightly touched. 

Accumulated experience has shown that for temperatures 
over a red heat the design of the thermometer should embody 
the general features shown in the illustration, Fig. 4, A and B. 


1. ' High Temperature Measurements,” page 105, 1904 edition. 
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In the thermometer here illustrated, the winding is a pure 
Harzus wire, its purity being shown by its temperature co- 
efficient, which is about 0.0039? at 100? cent. This wire, No. 
35 B. & S., is wound bare, by a special machine process devised 
by the writer, on a frame of thin mica, in such a manner as to 
touch only the edges of the mica. The winding is 36 turns 
to the inch. The mica frame is made by matching together 
at right angles two pieces of mica sheet, of the shape shown in 
Fig. 5. 

As the winding touches at the edges of the mica only, but a 
small percentage of its length can become contaminated by any 
possible action of a solid material. The lead wires, by a method 
of compensation to be later described, do not enter into the 
resistance which is measured, and may be of a cheaper grade 
of platinum than the resistance winding. These lead wires are 
either three or four in number, according to the method of 
compensation adopted. They are insulated from each other 
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by being passed through tubes of porcelain and mica washers. 
The mica washers serve the additional purpose of preventing the 
free circulation of air from the hot end to the cooler top of the 
thermometer tube. 

For temperatures above the fusion point of hard glass, 
porcelain tubes especially constructed for this work by the 
Berlin Porcelain Works are the most satisfactory material for 
a casing. 

The interior parts of the thermometer shown in Fig. 4, B, 
are designed to be easily withdrawn from the tube for examina- 
tion, and again replaced. In the particular case shown, the 
winding was made 5.25 in. long, so as to give the thermo- 
meter a high resistance. This 1s generally an advantage, 
where the conditions permit, as the contact resistances in the 
measuring device are then small in comparison, and greater 
sensibility of the galvanometer used is more easily obtained. 
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It was legitimate to make the winding long for the case 
shown, as this thermometer was designed to measure the tem- 
perature of hot gases which surround the porcelain tube more 
than half way to its head. If, however, the temperature of 
the place to be measured is uniform over a small space only, 
then the winding should be as short and as much concentrated 
at the end of the tube as possible, and thus permit of placing 
the entire winding in the hot place, the temperature of which 
is to be measured. 

Thermo-couples, to be later spoken of, have in this respect 
an advantage over a resistance thermometer as above designed; 
for the end of the thermo-couple is a very small body, that may 
be placed at the exact point of a space where the temperature 
is to be observed. This consideration has led the writer to 
design another form of resistance thermometer which will be 
shown to combine the advantages of both. А description of 
this is best given, however, under methods of reading resist- 
ance thermometers, which we shall now consider. 


METHODS OF READING RESISTANCE THERMOMETERS. 


As the National Bureau of Standards at Washington will 
furnish the instrument maker with a certificate giving the con- 
nection between the electrical resistance and the temperature 
of a selected standard resistance thermometer, the calibration 
of other thermometers 15 reduced to comparing their resistances 
with those of the standard when all are brought to equal tem- 
peratures. In the case of high temperatures, a specially con- 
structed electric furnace 1s used for the purpose. The problem, 
then, of reading temperatures with thermometers thus cali- 
brated resolves itself into measuring their resistance in a simple 
manner when subjected to different temperatures. 

The resistance being known, the temperature may be taken 
from a previously plotted curve, or the resistance-measuring 
device may be constructed to read directly in degrees centigrade 
or fahrenheit. The convenience, simplicity, precision, and 
reliability with which these measurements can be made largely 
determines the practical and commercial usefulness of resist- 
ance thermometers. The continuous recording of temperatures 
given by resistance thermometers, as well as thermo-couples, 
is another, but closely related problem, that will receive some 
of our attention. 
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The available and useful methods of determining resistances 
to measure tempcratures may be classified as follows: 

a. Slide-wire bridge methods. 

b. Use of dial or decade wheatstone bridges. 

c. Kelvin double bridge methods. 

e. Direct deflection method, the electromotive force being 
maintained constant. 

f. Direct deflection method, being independent of voltage by 
using the writer's new instrument, called a ratiometer. 


a. SLIDE-WIRE BRIDGE METHODS. 


This is a very convenient zero method to employ, especially 
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when the reading instrument has a scale calibrated to read 
directly in degrees. The slide-wire bridge may have its con- 
nections arranged in either of two useful ways. The first is 
less precise, but more convenient. The connections are given 
diagrammatically in Fig. 6. 

T, T, T, etc., represent any number of resistance ther- 
mometers, y, y, are the thermometer leads which should be 
alike, but mav be of any length. Contact can be made with 
any thermometer by means of a simple sliding switch. The 
resistances, 7, r,, r,, should be about equal to each other and 
to the resistance of the thermometer at a mean temperature. 
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The resistance of the slide wire, 7, should be such as will take 
care of the variation in resistance only, of the thermometers. 

In the actual construction, the contact, p, would move over 
a circularly disposed wire and scale. This scale may be divided 
into arbitrary divisions, and reference be made to a curve, 
to obtain the temperatures of any thermometer corresponding 
to a given setting for a balance. In this case, the different 
thermometers only need to be made of approximately the same 
resistance. The scale may, however, without great difficulty, 
be graduated to read directly in degrees when used with a ther- 
mometer of a particular resistance and temperature coefficient. 

If, however, many thermometers are to be read on the same 
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scale, they must be adjusted to exact equality both in respect 
to resistance and temperature coefficient. This last adjustment 
can be made by using a certain resistance of manganin in 
series or shunt with those thermometers which have too high a 
coefficient. | 

The arrangement of connections shown does not entirely 
compensate for changes in the resistance of the leads. The 
error, however, would not exceed from this cause 0.1° cent. 
in an extreme case. The obvious advantage of making the 
connections in this way is that while nearly complete compensa- 
tion is obtained, each thermometer has only two lead wires and 
one common terminal connecting all the thermometers to the 
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galvanometer. The manner of making the bridge connections 
according to the second method is shown in Fig. 7. 

By connecting the bridge in this manner and choosing the 
ratio arms equal, the leads y, y, entirely eliminate. Thus, 
the value of the resistance x,, x, etc., is 
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This method, while perfectly compensating, requires that 
two pairs of leads shall be carried to each thermometer. This 
is a decided disadvantage where many thermometers are to be 
read at a distance on one bridge. The method recommends 
itself only where the highest possible precision is required. In 


this method also the scale may be calibrated in degrees, if 
desired. 

The balance point on the wire in either of the above methods 
may be found with a telephone, but preferably with a galvano- 
meter. 

A pointer galvanometer of portable type, such as is used in 
portable test-sets, is amply sensitive for the purpose. 

The illustration, Fig. 8, shows a completed instrument de- 
signed on the latter of the above principles for use in measuring 
the temperature of the soil. The compensating leads shown 
on the left of the diagram, Fig. 7, are omitted as not being 
needed for the degree of precision required. 


236 NORTHRUP: ELECTRICAL [Мау 30 


A temperature measurement is made by slightly depressing 
the handle, which closes the battery circuit, and then rotating 
it until the galvanometer shows a balance. The position of 
the pointer then gives on the scale beneath it the temperature 
in degrees fahr. The same kind of instrument is equally well 
adapted to reading high temperatures. 

One mechanical feature of this instrument deserves mention 
as being of extreme usefulness. А slide-wire when used as in 
Figs. 6 and 7, if applied in the customary way, would be very 
small and delicate in order to have the necessary resistance in 
the length that is used. This objection is entirely overcome, 
as follows: a fine silk-insulated manganin wire 1s wound on a 
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drill-rod of about 2 mm. in diameter, with the turns close 
together. The drill-rod is slipped out of the winding, and this 
is laid and shellaced in a groove on the circumference of a 
circular disk of rubber or wood. The silk insulation 15 then 
removed from the exposed surface of the winding by a buffing- 
wheel. The sliding contact can thus make good contact with 
the outer surface of the circular helix. This will have about 
30 times the resistance of the wire of which it 1s wound when 
of the same length as the helix. 

This arrangement gives extremely fine variations in resist- 
ance, as the slider moves over it and makes a contrivance that 
is mechanically substantial and not liable to get loose and 
wear out. 
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Use or DIAL ОВ DECADE WHEATSTONE BRIDGES. 


The slide wire bridge directly calibrated in degrees is a 
very useful and rapid-reading device, but for precision work, 
combined with robustness of construction, some easily read 
form of dial or plug wheatstone bridge may be more useful. 
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_ When the connections are made as shown in Fig. 9, and the 
resistances r, and 7, are equal, the leads y y, eliminate. This 
requires that the total resistance in the rheostat shall equal 
the resistance of the thermometer, which for this reason, as 
well as for sensibility, etc., should be high, and that the brush 
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or plug contacts used should be well made, and of negligible 
resistance. Since no resistance varies with temperature in a 
strictly linear way, a dial or plug bridge can not be calibrated 
to read directly in degrees. The studs or plug holes should 
be numbered decimally, and from the setting obtained for a 
balance, the temperature is gotten by referring to a curve. 
Thus, each thermomefer in an installation has its own curve, 
and new thermometers may be added without reference to the 
old. This method is very convenient for an installation of a 
large number of thermometers, because of the small number of 
wires that have to be installed. 

Fig. 10 shows four thermometers of a large installation used 
for measuring the temperature of gases up to 1 200° fahr. in 
the plant of a large chemical company manufacturing sulphuric 
acid. Here it was desired that ignorant workmen should take 
the temperatures without gaining information as to what they 
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were. The dial settings for obtaining a balance were reported 
to the office, where a clerk looked up the corresponding tem- 
peratures on the curves. The thermometers used in these in- 
stallations were of the form illustrated in Fig. 4. 


KELVIN DoOUBLE-BRIDGE METHOD. 


The resistance thermometer as designed for high-temperature 
work if wound to a suitable resistance is necessarily of con- 
siderable size. This unfits it, as compared with thermo-couples, 
for taking the temperatures of small places or points. More- 
over, the thermometers besides requiring considerable skill to 
construct are costly and more or less fragile. These disad- 
vantages are sought to be overcome by the method now to be 
described. 

As 15 well known, the bridge connections, due to Lord Kelvin, 
shown in Fig. 11, is the best arrangement yet devised for 
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measuring a very low resistance. The bridge is balanced when 


With these bridge connections 0.01 ohm can be measured 
to the same precision as 100 ohms by the ordinary bridge 
arrangements. By taking advantage of this bridge as a reading 
device, a high-temperature thermometer can be constructed 
as shown in Fig. 12. 

"The small spiral of resistance wire to be measured at the 


FiG. 12. 


end of the porcelain tube is of No. 20 Hareus platinum. The 
current and potential leads are of a cheaper grade of platinum. 
In fact, it is a positive advantage to have the potential leads 
of an impure platinum, because of its low coefficient, which 
may be about 0.6 that of pure platinum. The connections as 
arranged for measuring a number of thermometers would be 
as shown in Fig. 13. 

To measure a temperature with this arrangement, the ter- 
minals p, p!, are moved by a switch to the potential terminals 
of the thermometers to be measured, while the thermometers 
to the right of the one being measured are cut out of circuit 
by y which keeps the resistance of the “yoke " low, as required 
by theory. A balance on the galvanometer is obtained bv 
moving the plug N and the slider S. The slide-wire on which 
S moves would consist of a substantial manganin wire lying over 
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a scale, marked off in degrees centigrade, if it is desired to 
make the bridge direct-reading. The only uncertain element 
in the method is the possibility of the ratio T and st, 
1 
Fig. 11, becoming variable in an unknown way through a change 
in the resistance of that portion of the potential leads which 
lie in the thermometer tube. This uncertainty, however, is 
practically avoided if the resistance a is made sufficiently high. 
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Calculation shows that if а is chosen as high as 250 ohms, the 
maximum error from this cause with a thermometer con- 
structed like that of Fig. 12 will not exceed 0.1° cent. The re- 
sistance, a, may, however, be as high as 1000 or even 5000 
ohms, thus practically reducing the error to zero. 

The necessity of having a high resistance in the ratio coils 
requires that the galvanometer used shall have a greater sen- 
sibility than can easily be gotten in a portable pointer instru- 
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ment. There are, however, available several very convenient 
forms of semi-portable suspended-coil types of galvanometers, 
having an attached telescope and scale which are amply sensi- 
tive for the purpose. 


D1IRECT-DEFLECTION METHOD OF READING TEMPERATURES. 


Direct-deflection methods of measuring physical quantities, 
as well as temperatures, depending as they do upon the calibra- 
tion of a scale, seldom have the precision of zero methods. 
They possess, however, the advantage of better showing, the 
variations as they occur in changing quantities, while no man- 
ipulative action is required on the part of the observer. For 
these reasons, largely, all commercial electrical measuring 
instruments are of the deflection type, though inferior in pre- 
cision to the null methods used for calibration and other pur- 
poses in the laboratory. Recognizing this principle, the writer 
has designed the instrument to be described, which will read 
temperatures as readily as a voltmeter reads volts. 


THE RATIOMETER. 


The instrument can be called a rattometer because it measures 
by direct deflection the ratio of an unknown to a known quan- 
tity, irrespective within wide limits of the operative current 
used. Thus the ratio measured may be that of an unknown 
to a known resistance, when the instrument becomes a deflec- 
tion-ohmmeter, or a capacity-reactance to a resistance, when 
it can be used as a speedometer, or, as in the present case, 
a resistance which changes with temperature to a fixed resist- 
ance, when it serves as a direct-reading deflection-thermometer. 

Since the angle of deflection of a deflection instrument 1s 
apparently doubled by using a mirror giving twice the ef- 
fective sensibility of a pointer instrument otherwise the same, 
a system using a mirror has been adopted, and utilized in 
such a manner that the instrument is quite as portable asa 
voltmeter or ammeter. 

Fig. 14 is an illustration of the instrument with its case on, 
and Fig. 15, of the same shown in section. Fig: 16 gives the 
diagram of connections of the instrument as used for tempera- 
ture measurements, and Fig. 17 illustrates details of the de- 
flecting system and the shape of each of the pole pieces. 

C, and C,, Fig. 16, are two flat coils mounted on the movable 
system, a, b, c, Fig. 17, having a damping frame of aluminum. ` 


242 | NORTHRUP: ELECTRICAL [May 30 


The two coils have like polarity on the same side. The sys- 
tem rotates between two iron crescent-shaped pole pieces of 
opposite polarity, Fig. 17, p. The axis of rotation of the sys- 
tem approximately coincides with the center of the outside 
circle of the crescent. Hence, when the system rotates, one 
coil moves so as to get more under the pole faces, and the other 
coil more from under the pole faces. Now, if currents flow 
through both coils, and in such a direction as to cause both 
coils to try to move from under the pole faces, the system will 
seek a position of equilibrium which is independent of the 


Fic. 14 


actual value of the currents flowing and which depends only 
upon the ratio of the portions of the main current, which di- 
vides to flow in the two coils. This is true, provided only that 
the system is under no spring control. The leading-in wires, 
three 1n number, are, in fact, made of such delicate strips of 
silver that they exercise a negligibly small control as compared 
with the control of the magnetic forces. If, now, the ratio of 
the currents in the two coils is altered, the svstem seeks a 
new position of equilibrium again, independent of the value 
of the battery current. 

Referring to the diagram of connections, Fig. 16, R being a 
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fixed resistance, and 7 a resistance which varies with the tem- 
perature, the extent of the deflection determines the ratio 


a whatever be the value of the battery current. 

Since, also, у is a lead wire on the К side equal to у on the 
T side, the method nearly compensates for changing resistance 
in the thermometer leads. The reading device is mostly ex- 
plained by Fig. 15. 

The scale is of translucent celluloid, mounted on the lower 
part of the front of the case, and may be divided to read in ohms, 
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revolutions per minute, or degrees centigrade. In the telescope 
the scale is seen brilliantly illuminated by ordinary room 
light. 

The telescope can be removed when the instrument is to 
be packed in its carrying case. The special shape of the alum- 
inum frame of the system is adopted so as to give good damping, 
and this makes the instrument nearly dead-beat. The instru- 
ment operates for temperature measurements on three or four 
series connected dry cells, or it may be used with a commutated 
current from a hand magneto. 
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To read any temperature, it is only necessary to place the 
thermometer, joined by a lamp-cord to the instrument, in the 
place where the temperature is required, and look into the 
telescope. The scale appears to move under the cross-hair of 
the eye-piece to the temperature reading. 

The ratiometer may be made sensitive to temperature changes 
of about 0.1° cent., or less, and can be relied upon to be as 
accurate as the scale is originally calibrated, with the exception 
of possible fluctuations of 1, or at the most 2 degrees. These 
irregularities are due to imperfections in the construction, or 
imperfect balancing of the coil. The error is not progressive, 
however, and fair reliance can be placed upon its indications. 
It is especially valuable for rapidly taking the high tempera- 
tures of furnaces, and the like. A suitable thermometer to 
use with this instrument would be one like that illustrated 
in Fig. 4. 


C, " c, 


DEFLECTION METHODS USING CONSTANT CURRENTS. 


It is often required to read and record temperature differences. 
possibly very small differences, which must be determined 
with a high percentage accuracy. А thermo-couple is cus- 
tomarily emploved for this purpose, placing one junction in 
the place of higher, and one in the place of lower temperature. 
Resistance thermometers may, however, be employed to ad- 
vantage, especially if the temperature difference is small and 
great precision is required. 

The writer has recently been connected with the design, 
calibration, and use of a temperature-ditference recording ap- 
paratus which embodied the highest refinements in this kind 
of measurement, commercially applied. A brief description of 
this apparatus will best explain the methods to emplov, 
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the precautions that should be used to obtain precision, and 
the results which can be obtained. 

The requirement was to obtain a continuous photographic 
record of the temperature difference between two brine mains 
carrying brine for refrigeration purposes. The temperature of 
the brine in one main was about — 38° cent., and in the other, 
about — 36.5° cent. It was sought to have the error at all 
times not greater than 0.01° cent. By taking a photographic 


* 
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trace of the temperature difference at each instant, and by 
obtaining with a planimeter the average height of the ordinates 
expressing temperature-differences, the average temperature- 
difference for any period of time could be found. This result 
was fully obtained. | 

An ordinate 500 mm. high corresponded to 5° cent. The 
deflecting instrument used was a D'Arsonval galvanometer of 
special construction, having a reflecting system. The record 


246 NORTHRUP: ELECTRICAL [May 30 


was traced on photographic paper, known to the trade as 
“ rotograph " paper. This paper was wound on a brass cylinder 
about 55-cm. long and 12.5 cm. in diameter. By means of a 
clock movement. the cylinder made one revolution in 12 
hours. Two cylinders were provided, so that an exposed one 
could be immediately replaced by an unexposed cylinder. 

The galvanometer was placed in one end of a box about 
.1.2-m. long. By suitable optical devices, the spot of light, 
about 1 mm. in diameter, was reflected from the galvanometer 
mirror upon the slowly rotating cvlinder covered with the 
sensitive paper. The movements of the spot of light were 
parallel to the axis of the cylinder, and proportional to the 
temperature-difference. The source of light was an incandescent 
lamp. Another optical device cast another spot of light upon 
a translucent scale, where the deflections could at any time be 
observed. 

Two platinum resistance thermometers, exactly alike, were 
used, one being placed in each brine main at a distance of 
several hundred feet from the recorder, being connected with 
it by lead-covered compensated leads. One of these ther- 
mometers is described in connection with Fig. 1 above. Each 
thermometer with its leads formed an arm of a wheatstone 
bridge. The two other arms were made of equal manganin 
resistances, each 200 ohms. When the thermometers were at 
the same temperature, the bridge was balanced, and the gal- 
vanometer deflection read zero; that is, the spot of light fell 
on the scale at the same point as it would with the circuit 
open. А fixed mirror made a trace, near the center of the 
paper, as a reference line from which the extent of the de- 
flections could be measured. When the two thermometers 
were at a different temperature, the deflections were verv 
nearly proportional to this difference, irrespectively of the 
mean value of the two temperatures, and to the current entering 
the bridge. Hence, to maintain the empirical calibration of 
the scale, it was necessary to provide that the current through 
the bridge should remain constant to within the percentage 
precision at which the apparatus was designed to operate. 
The manner of doing this, as well as the general plan of the 
method, 1s best explained bv referring to Fig. 18. 

The source of current was a battery of eight storage cells. 
This current could be held constant within a fraction of one 
per cent. bv varying the rheostat resistance in the battery 
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circuit. The current was known to have the standard value 
when the galvanometer, G, in the standard-cell circuit shown 
gave no deflection. It was found in practice that the rheostat 
resistance had to be changed only a few times in a day, and 
then only by small amounts. Since the scale was calibrated 
so that 1 mm. was equal to 0.01° cent., the galvanometer had 
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to be fairly sensitive. Only 90 ohms, R in the diagram, could 
be used in its circuit. The galvanometer coil had 333 ohms 
of copper wire winding, and since copper changes about four- 
tenths per cent. in resistance per degree centigrade, it was 
necessary to avoid changes in the galvanometer sensibility due 
to room temperature changes. The temperature of the box 
enclosing the galvanometer was, therefore, held constant 
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within about one-half degree by means of an electric ther- 
mostat. 

Since it 1s impossible to adjust two resistance-thermometers 
to exact equality, when at low temperatures, the difficulty was 
avoided by shunting each thermometer, one with 10 000 ohms, 
and the other with a resistance near 10 000 ohms, which thus 
made both thermometers act in balancing the bridge as if 
they were exactly equal when at the same temperature. 

In calibrating the apparatus, a necessary adjustment was 
made by placing both thermometers in a tank containing well- 
stirred brine at about — 35° cent., and then varying one of the 
shunts, S, and S,, until the galvanometer showed no deflection. 
Another adjustment was made by placing one thermometer in 
one brine tank, and the other in another brine tank. The 
temperature-difference between these brine tanks could be 


Fic. 19. 


controlled, and this difference was accurately measured by 
taking a great many readings with specially constructed mer- 
cury thermometers with Reichenstalt certificates. The corre- 
sponding galvanometer deflections being noted, the scale be- 
came calibrated. By adjusting the resistance, К, in the gal- 
vanometer circuit, the value of the scale could be varied as 
desired. 

The calibration thus briefly outlined. was worked on for 
about three weeks, many refinements not mentioned here were 
used, hundreds of readings were recorded, and many checks 
made upon the observations taken. It was demonstrated, as 
a net result, that this apparatus and method gave continuous 
temperature-difference records that were not in error over 
0.01? cent., the mean temperature measured being about — 37? 
cent., and the average difference, about 1.5? cent. In Fig. 19 
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is given on a much reduced scale one of the record curves ob- 
tained in a run of 12 hours. 


THERMOELECTRIC PYROMETRY. 


This paper would be incomplete without some mention of 
methods of measuring temperatures by means of thermo- 
couples. The subject, however, is extensive, and those inter- 
ested are again referred to ‘‘ High Temperature Measurements,” 
by Le Chatelier, where it is very fully treated іп Chapter VI. 
On page 132 of this work it is stated: 


The thermoelectric method possesses very considerable advantages 
for use in the laboratory, as well as industrially, such as smallness of 
the thermoelectric substance, rapidity of indications, possibility of 
placing at any distance the measuring apparatus. 


The author adds, page 144: 


In many industrial operations it is desirable to know a temperature 
in the range of 400°C. to 1500? C. to 10°. This accuracy can be obtained 
with industrial forms of the thermo electric pyrometer, but only when 
certain conditions are fulfilled by the maker and user. 


These statements cover the generally accepted views regard- 
ing the advantages to be obtained in using thermo-couples, 
but from what has been shown respecting the forms and uses of 
resistance thermometers, all the advantages stated for thermo- 
couples are equally to be obtained with resistance thermometers. 
where the upper temperature limit of the latter is not exceeded. 
Possibly, thermo-couples can be used with somewhat higher 
temperatures, but the gain is probably not great if the Kelvin 
bridge method be used with a properly constructed potential- 
point thermometer. 

Thermo-couples for high temperature work are best made 
of a combination of platinum and platinum with 10% rhodium. 
This combination is recorded as giving: 


565 microvolts between 0? and 100? cent. 
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The electromotive force developed as а function of the tem- 
perature may be measured most accurately with a potentio- 
meter, and most conveniently by the indirect method of noting 
the current through a constant or nearly constant resistance 
circuit with a galvanometer. Such a galvanometer needs to 
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have greater sensibility than can easily be obtained with a 
portable pivoted instrument. 

Suspended-coil instruments, of the so-called marine type. 
which require no special leveling, serve the purpose well. Thev 
can be supplied with the telescope and scale attached to the 
galvanometer, and thereby become semi-portable. 
` For high temperature work, the thermo-couple must be 
protected in porcelain tubes, in a manner similar to resistance 
thermometers. 


THE MEASUREMENT OF EXTREMELY HIGH TEMPERATURES. 


Many scientific investigations and industrial operations now 
require that temperatures shall be measured at which all mate- 
rials deteriorate or become fused or destroyed. The electrical 
methods directly applied must fail to be of service here, and 
one must resort to radiation pyrometry. The various methods 
proposed for measuring high temperatures by means of the 
radiation given off from a hot body have recently received 
much study, and very successful developments have followed 
along this line. The subject, however, does not fall within 
the scope of this paper, and reference must be made to the 
above mentioned treatise of Le Chatelier, and to an excellent 
summary of this and other subjects relating to high-tempera- 
ture measurements by Dr. C. W. Waidner.! 


1. '" Methods of Pvrometry." Reprinted from the Proceedings of the 
Engineers’ Society of Western Pennsylvania, September, 1904. 


A paper presented a! the 234 Annua! Conven- 
tion of the American Institute of Electrical 
Engineers, Milwaukee, Wis., May 23-31, 1903. 


Copyright 1905. By A. I. E. E. 
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NOTES ON THE LIGHTING OF CHURCHES.* 


BY EDWIN R. WEEKS. 


Few inventions have been more far reaching, ог more gen- 
erally adopted, than those pertaining to artificial illumination. 
Places of amusement, public buildings, parks and boulevards, 
expositions, steamship lines, railroads, and residences—all vie 
with. each other in the extent and decorative features of their 
lighting. Science has long since formulated the principles 
upon which improved methods are based and inventors and 
factories have supplied the apparatus; vet in one class of build- 
ings there has been little, if any, effort to make full use of 
the possibilities of artistic and effective illumination. Churches 
are still characterized by the notoriously poor lighting in- 
herited from the dark ages when the printed word was unknown. 

Next to the acoustics, there is no feature of church architec- 
ture of greater importance than that of lighting. While de- 
fective acoustics are an annoyance at all services and deprive 
parishioners of much of the benefit and enjoyment for whicn 
they attend church, they do not belittle the architecture or 
deplete the exchequer. An inadequate system of lighting, 
however, is not only an extravagance, but it practically elim- 
inates the beauty and effectiveness of capital, entablature, and 
vaulted roof with their costly decorations and symbolism. 

The proverbial “© dim religious light " of ecclesiastical struc- 
tures is due to several causes. Architectural limitations pro- 
duce an unequal, and at times, insufficient’ distribution even 
of daylight, and the immense distances through vaulted dome 
and transept make uniform artificial lighting by the old methods 
of suspension practically impossible. Again, the immemorial 
custom of using sombre woods and gloomy wall-tints adds 


*(Owing to the late date at which the manuscript of this paper was 
received, it has been put in type for use of members at this meeting 
without thorough review.—The Editing Comnitttee.] 
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to the difficulties; and the inertia of precedent and a false 
economy continue these obsolete practices long after better 
and more scientific methods are available. 

Suspension devices have persisted from the time of the torch 
and tallow dip, although the advent of a most flexible medium 
has made their use inexcusable. Chandeliers are, at best, 
costly in installation, wasteful, and hazardous in operation; 
grouping the lights at a few points, usually in the plane of vision. 
they are painfully obtrusive and inartistic. In churches upon 
which large amounts have been expended to create spacious 
and inspiring auditoriums, it is not uncommon for the chief 
impression to be that of glittering pyramids, completely nullifv- 
ing the sense of restful worship which should characterize 
such an interior. 

It is, of course, true that lamps in receptacles flush with 
the ceiling or high wall-panels give less light in the reading 
plane than do the same lamps suspended a few feet above this 
plane; but when so placed they may be made to serve the 
purposes of uniform distribution, of didactic symbolism, and 
of displaying and even forming an important part of the archi- 
tectural and mural decoration. These advantages furnish 
ample consideration for the cost of the additional lamps re- 
quired to give the light needed in the reading plane. 

The chief requisites in church lighting are adequacy and 
uniformity. The maximum variation throughout the audi- 
torium should not exceed 20 per cent. This uniformity 15 
seldom secured with davlight, but there is no reason why it 
should not be attained with artificial light, since electricity 
can easily be transmitted to all parts of the building and prac- 
tically moulded to suit the demands of distribution as well 
as the needs of the architecture and decoration. In this re- 
spect the electric light may be said to “ beat daylight.” 

The amount of light in the reading plane should not be less 
than two candle-feet; that 1s, about twice the light required 
by the average person for reading without the impairment of 
evesight. The frugal vestrvman may ask, “© Why double the 
amount of light? " The answer is that the best and most at- 
tractive lighting is not onlv an excellent advertisement and a 
means of grace, but it тах be quite economically employed 
in assemblv rooms which are occupied but six or eight hours 
each month, if the controlling devices be properly designed 
and used. Furthermore, a religious gathering, more than anv 
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other concourse of people, contains persons of all ages, manv 
of whom have failing evesight, and all of whom should have 
sufficient light to enable them to read the lines of text or 
hymn. With an expense of two dollars an hour for light 
which gives perfect satisfaction to every one in the audience, 
and makes of the auditorium a beautiful and attractive place 
for young people, there can be no question of extravagance. 
The extravagance lies rather in emploving a svstem which al- 
though it may cost half as much, fails to give satisfaction to 
any considerable number of the congregation. 

A well-planned layout of switch-control effects a great econ- 
omy in any installation; this 1s especiallv true in a building 
containing an assemblv room and using a large number of 
lights. Where circuits are distributively interlaced, and a 
part or all of the lamps are easily turned on or off, onlv those 
wanted at any time and place need be used, and none will be 
left burning because to light them later would be too much 
trouble. The most economic as well as the most convenient 
design so places switches that at least a part of the lamps in a 
room may be turned on and off at every door of the room. 
It 1s thus unnecessary, as with one switch, to walk back in 
order to turn off the light, and there is less danger of its being 
left on in unoccupied apartments. In rooms where varying 
degrees of light are needed, and service 1s for fixed and regular 
periods, the designer can so arrange the groups of lamps that 
there may be rotation of use, thus keeping them їп uniform 
wear and preventing contrast when all are burning. "These are 
a few of the devices with which the expert engineer so equips 
his plans that, although the cost of installation may seem 
large, it is more than offset by satisfactory service and economic 
operation. 

There are two general svstems of interior lighting, the in- 
direct and the direct. In the indirect system, the lamps аге 
entirely concealed from view and their light 15 distributed 
by means of reflecting or diffusing surfaces. The installation 
of this system is costly, uniform distribution is difficult, and, 
as only about 506, of the incident light is utilized, the system 
is wasteful. In the direct svstem, the lamps are so placed that, 
although they mav be seen, they are not in the usual line of 
vision. The installation by this method 1s less costly, and its 
operation much less wasteful, since nearly all of the light emit- 
ted does useful work. It also facilitates uniform distribution, 
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and lends itself more readily to decorative effects and the ex- 
pression of symbolism. 

The accompanying Figs. may serve to illustrate the ap- 
plication of these principles to a case wherein the expenditure 
is to be moderate. The results are a good distribution of light 
and a satisfactory illumination in eachroom. All parts of the 
auditorium are visible; each seat receives a minimum of two 
candle-feet, and the variation is less than 20°%. No more 
conclusive justification for the degree of control and lighting 
here provided for could be desired than the enthusiastic com- 
mendation of the parishioners, and the fact that the monthly 
bills for current at the rate of ten cents per kilowatt-hour, 
with the usual church services, and including current for organ 
motor, range from 15.00 to 23.20 dollars. 


NOTES ON THE SPECIFICATIONS. 


The following brief notes on the specifications will indicate 
the grade of work, and assist in examining the Figs. 

The installation 1s three-wire with neutral equal to the sum 
of the outside wires, and with 104 volts on each side; the drop 
inside the entrance is slightly less than 2% with full load. 

The interior fixtures are of brush brass, and those on the 
exterior are of black-finished brass ог соррег. АП were specially 
designed to suit the architecture. Gas is used only for emer- 
gency lighting and for the kitchen range which is, however, 
also provided with an outlet for cooking by electricity. 

The entrance-switch, fuses, and Thomson wattmeter are 
mounted on sfate bases in fire- and dust-proof box in basement. 

All cabinets have white marble backs and sides, beveled 
plate-glass doors, trims of polished wood, and are set flush 
with finished walls. | 

Cabinet No. I is in the basement corridor and, in addition 
to fuses contains five triple-pole, single-throw knife switches; 
one to control each of cabinets II, III, and IV, one on feeders 
for future use in proposed assembly rooms in the basement, 
and one on feeders to supply lamps, not vet installed, for light- 
ing the stained glass over the auditorium dome. 

Cabinets Nos. II and III are in the south passage on the 
main floor and in addition to fuses each contains 20 double- 
pole, single-throw knife switches, 10 on each side of the system, 
controlling circuits supplving the ceiling outlets in auditorium, 
school-rooms, main entrances, vestibules, corridors, cloak- 
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rooms, young-people’s assembly rooms and parlors. A pair of 
switches in each of these cabinets was provided for future use, 
one of which has already been put in commission for lighting 
the library and study hall on the second floor. 

Cabinet No. IV is in main corridor and contains cartridge 
plug-fuses to protect 16 circuits, 8 on each side of the system, 
supplying choir-rooms; organ-loft; pastor’s study; kitchen; 
closets; boiler- and coal-rooms; brackets in auditorium, schooi- 
room, vestibules, corridors and pariors, attic and lamps in all 
parts of the building intended for use at times when full lighting 
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is not needed. In this cabinet, also, an extra circuit is provided. 

All outlets not controlled from cabinets Nos. II and III are 
controlled by '* Diamond H " flush push-switches, all sockets 
and receptacles being keyless. 

The elevation of ceiling outlets above floor lines range from 
12 ft. in the parlors to 40 ft. for octagon at base of dome in 
the auditorium. 

All lamps in any figure and in all figures in the same room 
are of uniform kind and candle-power. All lamps in auditorium 
ceiling outlets are clear standard Edison and all lamps in 
brackets are frosted spherical. 
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Lamps over pulpit platform (see outlet No. 6 on Fig. 1) 
being back of the pulpit arch, are not visible from the audi- 
torium, and furnish over 2 candle-feet on pulpit, console, and 
music rack. 

The outlets in the ceiling of the auditorium are so constructed, 
Fig. 2, that lamps are drawn up into the attic for cleaning 
or renewal. 

The bracket-lamps are used when light is needed only in 
certain places as for choir practice, janitor's work, pastor's 
study, etc., and are not a part of the general illumination, 
which 15 always from above. 

In the wall and ceiling decorations, deep cream predomi- 
nates; and the designs for all fresco work in the building have 
special reference to the location of lamps and the figures em- 
ployed in their distribution. 


А paper presented at the 23d Annual Conven- 
tion of the American Institute of Electrical 
Engineers, Milwaukee, Wis., May 28-31, 1905. 


Copyright 1900. By A. I. E. E. 
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SHUNT- AND COMPOUND-WOUND SYNCHRONOUS CON- 
VERTERS FOR RAILWAY WORK. 


BY W. L. WATERS. 


The question of shunt- or compound-wound excitation for syn- 
chronous converters has been discussed so much that it is of 
interest to compare the relative merits of the two. As the 
shunt winding 15 obviously the simplest and cheapest and most 
convenient way of exciting a synchronous converter, 1t would 
be well to begin by considering why a compound winding is 
ever used. 

In a direct-current circuit it 15 often an advantage to have 
a system which 15 to a great extent self-regulating as regards 
voltage. This is especially the case where the load changes 
frequently, and in such cases a compound-wound generator is 
used. А series winding on the generator field-coils tends 
to make the voltage at the generator terminals rise as the load 
comes on the machine. This rising tendency is used to coun- 
teract the increasing voltage drop in the feeders and mains due 
to increasing load. By changing the series winding on the 
generator the rising tendency of the terminal voltage can be 
varied to almost any extent. 

In a synchronous converter the ratio of the voltages at the 
terminals of the two sides of the machine is approximately 
constant, and independent of the load on the machines or the 
magnitude of the excitation; that is, when transforming from 
alternating current to direct current, the direct-current ter- 
minal voltage bears an almost constant ratio to the alternating- 
current terminal voltage under all conditions. So the only 
way of varying the direct-current terminal voltage is to varv 
the alternating-current voltage supplied to the machine. If 
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the direct-current voltage is to rise as the load comes on the 
machine then the alternating-current voltage which is supplied 
to the machine must be made to vary in the same way. As- 
suming that approximately constant voltage is supplied at 
the generator end of the alternating-current feeders, and that 
the circuit between the generator and the synchronous con- 
verters contains sufficient inductance, then the voltage at the 
synchronous-converter end of the alternating-current line can 
be raised or lowered by introducing a leading or a lagging 
current into the svstem. А leading or lagging current can be 
introduced into the system by over- or under-exciting the con- 
verter. So by putting a series winding on the magnets of the 
converter the excitation of the machines will be increased as 
the load comes on, and a leading current approximately pro- 
portional to the load introduced in the alternating-current 
system. This will tend to raise the alternating-current voltage 
supplied to the converter and, in consequence, the terminal 
voltage at the direct-current side. By means of this system, a 
synchronous converter can be compounded in a manner similar 
to that emploved for compounding a direct-current generator. 
The voltage at the direct-current terminals can be made to in- 
crease as the load comes on. | 

Here then is a svstem that gives automatic control of the 
voltage as the load varies. Such a system 1s obviously ex- 
tremely useful and convenient. Unfortunately. this svstem 
presents a number of disadvantages in practice: a series winding 
is needed on the converter magnets, artificial reactance coils 
are practically always needed to insert in the alternating-cur- 
rent line so as to bring its reactance up to the required value, 
and there is need for extra switchboard arrangements. This 
means increased complication and cost, and а loss of efficiency. 
А compound-wound converter costs about 7 or ХС more than 
a shunt-wound converter. Reactance-coils usually cost about 
Эге of the cost of the converter. The ethciency of the system 
is lowered probably 1 to 2*4. And in addition the system is 
more complicated, and in consequence more liable to break 
down. There is also liable to be trouble in operating the svs- 
tem. А series field winding on a synchronous converter 15 
always a source of danger on account of the liability of its re- 
versing. When starting a converter the series fields can be 
short circuited and the danger at that time avoided; but if 
the attendant forgets the short-circuiting switch at any time, 
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there is liable to be trouble. And if at any time when the 
series coils are in use the alternating-current supply fails or is 
cut out, and the machine 15 left connected to the direct-current 
circuit, the series coils will reverse and the converter is likely 
to run away, especially if the direct-current voltage is varving. 
A speed-limit device should take care of this, but as automatic 
devices usually go wrong when they are most needed, so the 
fact must be accepted that a series winding introduces a pos- 
sible source of serious trouble in any synchronous converter 
system. 

The automatic compounding obtained by a series winding 
and reactance-coils is not so satisfactorv as would be expected. 
It is natural to expect that the most useful application of this 
system would be to over-compound converters 1n a small sub- 
station, to compensate for a large feeder-drop in case where 
the load fluctuates violently. The results in such a case are, 
however, not always satisfactory. 

To over-compound a converter and to change the voltage 
at the direct-current side means that the magnetic flux in the 
field magnets of the converter must change; as solid-steel field 
magnets are alwavs used in converters the magnetism cannot 
change quicklv, there 1s therefore often a considerable time-lag 
before the voltage changes to correspond with the change in 
load. The result of this 15 that when the load 15 varving quicklv 
the voltmeter needle is kept wandering aimlessly about the 
scale, indicating anywhere from, sav, 500 to 650 volts, the 
voltage apparentlv not having anv relation to the load on the 
machine. However when the converter is flat-compounded 
instead of over- or under-compounded the result 1s more satis- 
factory, as the natural tendency of the solid poles is to hold 
the magnetism and voltage constant. 

Usually, however, small sub-stations are supplied from com- 
paratively small power stations; and with a varving load on 
the converters one of the main effects noticed in the sub-station 
is the fluctuation of the speed of the engines, and consequently 
the speed of the converters and the alternating-current voltage. 
The effect of this variation in speed often completely masks all 
the results of the compound winding. 

In addition, this method of compounding is often a nuisance. 
There must be careful adjustment of the series winding and 
of the reactance-coils at the sub-stations before getting the 
desired effect. "Then if the converters are changed to another 
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station, or if the line conditions are changed, the adjustment 
has to be made again. If other compound-wound converters 
are installed in the same sub-station, there is trouble to adjust 
them so that they divide the load properly at all loads. Equal- 
izer connections are used, but the results are rarely altogether 
satisfactory. The different characteristics of the converters 
and the variation in the brush-contact resistance and the tem- 
perature of the machines all tend to upset the adjustment. 
If shunt-wound converters are not dividing the load properly, 
varying the field rheostat will quickly adjust the load. And 
in any case shunt-wound converters, just like shunt-wound 
generators, have a much greater natural tendency to divide the 
load properly than have compound-wound machines. With 
this automatic compounding the power-factor of the con- 
verter svstem varies, and often varies widely, with the load. 
The power-factor cannot be interfered with without upsetting 
the complete system of regulation. А shunt-wound converter 
tends to keep the power-factor the same at all loads. In anv 
case the power-factor can be adjusted bv means of the field 
rheostat without in any way upsetting the regulation. 

The result of all the complication and disadvantages of a 
compound-wound converter with reactance-coils is that often 
after the system has been in operation for some time the series 
magnet-coils and the reactance-coils are cut out and the con- 
verter 1s run as a straight shunt machine. The machine i$ 
then more in the control of the operator and 1s less liable to 
give trouble. 

Probably the best system for general work is to have shunt- 
wound converters, standard transformers, and no reactance- 
coils. Somewhat over-excite the converter so as to keep the 
power-factor a leading one at all times, and then leave the 
machines to take care of themselves, onlv adjusting the ex- 
citation in case thev fail to divide the load properly. 

In the case of a large station the feeder drop is small and 
the fluctuations in load are unimportant, so that the voltage 
keeps fairly constant at all times. The only work then for 
the attendant is to cut in or out an extra converter as the 
load requires 1t, and to sce that each converter in circuit carries 
approximately its proper proportion of the load. 

In the case of small sub-stations the voltage will vary with 
the load on account of the feeder-drop. The direct-current 
voltage will be high on light loads and will fall on full load. 


1906.] WATERS: SYNCHRONOUS CONVER TERS. 261 


For a line with sub-stations at various points this is an ideal 
condition. When the load is light on such a station it will 
mean that most of the load on the system 1s being carried by 
other stations. The voltage will then be high at the lightly 
loaded station and lower at the more heavilv loaded stations. 
The lightly loaded station will then tend to help out the heavily 
loaded one, resulting in ideal conditions—a tendency to dis- 
tribute the load proportionately between the stations at all 
times. The converter should be excited so as to get either 
unity power-factor or a leading power-factor at all loads, and 
then the feeder drop will automatically take care of everything 
else and there will be a tendency always to divide the load 
proportionately between all the stations. 

Thus with shunt-wound converters instead of compound- 
wound machines with reactance-coils, there results a cheaper, 
more efficient, and less complicated outfit, an outfit less liable 
to give trouble and which will give better results both in large 
and in small stations. It is hardly to be wondered at then 
that the present tendency is to make all converters shunt 
wound. And I think the time is not far distant when the 
compound-wound converter will be considered as a special type 
of machine to be used only to meet exceptional requirements. 
The shunt-wound converter will then be standard for all railway 
work. 
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Discussion ON ‘‘SomMeE FEATURES AFFECTING THE PARALLEL 
OPERATION OF SYNCHRONOUS MoTOR-GENERATOR SETS," 
AT NEW York, Marcu 23, 1906. 

(Subject to final revision for the Transactions.) 

W. І. Waters: In the operating of synchronous motor- 
generators, my own experience has, unfortunately, not shown 
quite such simple results as those indicated by Mr. Tavlor. 
One installation of synchronous motor-generators will work 
very well; the machines will divide their load properlv, and 
the load can be changed from one machine to another bv 
means of the field rheostat, while another installation. which 
is apparently verv similar will give considerable trouble, even 
after the machines are lined up and the connections correctly 
made. Suppose a 500-kw. machine 1s running on full load and 
a second machine 15 thrown in, then this second machine might 
take 40% of the load or it might take 60€, ; and as further 
load comes on the machines, it mav be divided proportionately 
between them, or it mav not. The results obtained from the 
machines seem to be different everv time thev are thrown 
together. The reason for this is not particularly clear, but it 
has been suggested that the explanation is to be found in the 
different condition of the outside circuit and of the load at the 
time. Most of these machines carry a load which is by no 
means balanced. The distribution svstem being three single- 
phase circuits rather than three phase. The result of this is 
that there may be verv bad conditions of unbalancing, both 
of load and power-factor. between the different phases, and that 

these conditions may vary widely from time to time. 

Referring to Mr. Tavlors vector diagrams it will be 
noticed that he considers that the effect of the internal 
reactions in an alternator can be represented bv a single vector 
whose magnitude is proportional to the current in the armature, 
and independent of the phase of that current. Referring 
specifically to Figs. З and 4, this means that the vector “ in- 
ductive and demagnetizing drop ” is constant in magnitude, 
and independent of the power-factor of the load. This is a 
pure assumption, and this assumption may possibly explain 
some of the peculiar results mentioned above. Mr. Tavlor's 
assumption 15 equivalent to the statement that if there are two 
alternators for which the angle (8j 1s the same on unity power- 
factor, then 1t will be the same for these two machines on all 
power-factors, This, I think, is by no means alwavs the case. 
Assuming, then, that this 15 not necessarily true, we have at 
once an explanation of the apparently contradictory experi- 
mental results mentioned above. And we can sav that though 
two synchronous motor-generators may divide their load per- 
fectly on a balanced load of unity power-factor, it does not 
necessarily follow thev will distribute their load so well when 
that load 1s unbalanced and of a lower power-factor. 

Mr. Tavlor points out the important fact that when two 
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synchronous motor-generators are thrown together, they are 
not strictly in phase; the incoming machine 15 shown to be 
leading bv the svnchronoscope. The station operator often 
thinks that this difference in phase results from the machines 
not being correctlv set up, and that this is the cause of some of 
the peculiar results obtained. The way to find out whether 
the machines are set up and connected correctly is to parallel 
them on no load; in that case, with correct motor excitation, 
there should be no difference in phase. 

Referring to the starting of these machines, I think the old 
method of reversing the field of the motor 1s unnecessarily severe 
on the machines, and though modern machines will stand this 
without damage it is alwavs poor practice to put any un- 
necessary strain on any machine. I think Mr. Taylor's method 
of using a synchronoscope with two pointers 1s much superior. 

I think that the subject of synchronous motor-generator 
sets is still one in which practical results are more valuable 
than theoretical explanations, and this paper, though perhaps 
not exhaustive, will certainly give something standard to work 
from in the future. 

J. B. Taylor: Mr. Waters objects to the use of a reversing- 
field switch in connection with a synchronous motor. І think 
that a little consideration will show that this objection 15 not 
. valid. Every synchronous motor must go through this pro- 
cess of “ slipping ” at times; that is to say, it locks in synchron- 
ism, and when the field is excited there is one chance in two 
that the motor will slip a pole. 

-Furthermore, in the practical operation of a synchronous 
motor-generator set the slipping is done while the set 1s connected 
to the starting taps, so that the increase in current and strain 
on the machine is not great. Since every synchronous motor 
must slip at times, and this method of phasing means that the 
motor mav have to slip two or three times in succession, it will 
not hurt the motor, as it must be constructed so that it will 
stand the work vear in and year out. 
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Discussion ON ‘‘ Power PLANT EcowNoMics," AT PITTSBURG, 


Pa., FEBRUARY 13, 1906. 


P. M. Lincoln: In regard to electricitv-driven versus steam- 
driven auxiliaries, it seems to me that the two considerations 
which should govern are: first, economy; secondly, relia- 
bility. 

I agree with Mr. Stott that the economv of the steam-driven 
auxiliaries is greater than that of the electricity-driven auxil- 
iaries. The only objection that can be raised is the extensive 
steam piping required bv the steam-driven auxiliaries; this 
piping will have considerable radiation which cannot be avoided, 
and if the steam piping to the auxiliaries becomes too exten- 
sive, the loss from this cause may be greater than the amount 
of inherent economy. Any operating engineer will take the 
type of auxiliary which is most reliable. As between reliability 
and economy the operator will invariably choose reliability. 

As to direct- versus independently-driven exciters, I will 
mention only the most salient points. The considerations 
which should govern are those of economy and reliability. 
As far as economy goes, there are three wavs of driving the 
exciters; one is to connect it directly to the generator shaft, 
a second 15 to drive it by a separate prime mover; and the third 
is to drive it by a motor which is driven by the main prime 
mover. These methods differ in economy by as much as the 
main prime mover differs from the auxiliary prime mover. 

As far as reliability goes, one point is that of regulation; 
on that point the motor-driven and the direct-connected ex- 
citers are at a disadvantage, because any veriation in speed 
of the main plant is reproduced in the exciter, which alters 
the voltage of the exciter in a ratio faster than the speed alters 
in the main generator. This causes a variation in the voltage 
of the main plant considerably greater than the original speed 
Variation. 

W. E. Moore: Power station design does not depend on 
coal economy only or even on operating cost, but on the very 
important factor of total cost per unit output as determined 
largely by the fixed costs on investment. These are a constant 
expense regardless of the plant load-factor, resulting in a 
variable cost per unit output decreasing with an increasing 
load-factor and becoming a minimum when the load-factor 
reaches 100€5, or when the plant carries a full load for every 
hour in the vear. It is therefore obvious that the character 
of the plant must be governed largely bv the load-factor. 

According to Mr. Stott, there are delivered to bus-bars 1 452 
out of 14 150 B.t.u., or 10.36% thermal efficiency. It is inter- 
esting to note that the regenerative recovery in the entire plant 
is 3.1% credited to the teed-water heater, and 6.8С to the 
economizer. Ordinarily there should be some heat recovered 
through the feed-water taken from the hot-well, but in this 
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case none seems to be considered, probably because the in- 
jection-water is brine and city water used exclusively for feed. 

I would call attention to the demand for larger boiler units 
caused by the introduction of the steam-turbine, whose rela- 
tively small floor space makes a compact boiler of great de- 
sirability. It 1s not to be forgotten that the smaller the num- 
ber of boiler units, the less attention thev require; and the 
cheaper their cost of installation, piping, and maintenance be- 
comes. Mr. Stott calls notice to the equal efficiency of all 
tvpes of boilers when worked under like conditions. In getting 
at the results of bad firing it is only necessary to analyze the 
stack .gases with one element in view, CO,, and the nearer the 
approach to 14€, the better the firing becomes. Take a boiler 
with a given amount of heating surface, and pass the gases 
over with a given velocity, the same efficiency 15 obtained no 
matter what the tvpe of boiler. 

Boilers are especially desirable which are simple to repair 
and clean and which will give dry steam. Wet steam 15 a 
common evil of the power station. For each 1€, moisture in 
steam the efficiency of turbines is reduced about 2€, and the 
capacity more than correspondinglv reduced, while in the case 
of engines the economy is not so much reduced but the lubrica- 
tion of internal parts is much more costly, to say nothing of 
the greatly increased danger from accidents. 

The almost universal adoption of water-tube boilers brings 
with it the corresponding disadvantage of more moisture in 
steam, and if for no other cause than this. the elimination of 
moisture from steam would demand the installing of super- 
. heaters in the modern steam power plant, especially for turbine 
work. 

There has recentlv been brought out in the United States 
a new form of steam boiler of the water-tube tvpe especiallv 
adapted for units as large as 1 000 h.p. This new boiler seems 
to eliminate troubles from differential expansion of its various 
members, and is peculiar in that it 1s practicallv selt- cleaning 
so far as internal scale is concerned. Being adapted for firing 
from both ends, there are no size limits determined by grate. 
area. 

Mr. Stott shows that 3.1% is recovered bt the feed-water 
heater. He therefore concludes that the auxiliaries should all 
be steam driven. so as to obtain sufficient exhaust to heat the 
feed-water. This brings up the question of steam- versus 
electricity-driven auxiliaries. I do not believe that either 
system will prevail to the exclusion of the other. The ideal 
arrangement seems to be direct-acting steam boiler feed-pumps 
and possibly centralized vacuum-pumps with all of the smaller 
and scattered auxiliaries such as service-pumps, oil-pumps, 
hot-well pumps, circulating-pumps, coal- and ash-conveving 
machinery, etc., driven by electric motors. The power supply 
for the motors to be furnished bv separate steam-driven ex- 
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citer sets of sufficient capacity to carry the excitation plus 
the motor load, and exhausting into feed-water heater along 
with the boiler feed-pumps and centralized steam vacuum-pumps. 
For boiler feed-pumps nothing is better than a direct-acting 
steam-pump for reliability and low first cost, and the same 
statement applies to centralized vacuum-pumps. These, with 
exciter sets, can be located near the boilers and feed-water 
heater so that there will be a minimum of steam and exhaust 
pipes to and from them to maintain. 

It 1s hard to explain the expense of a piping svstem for a 
small steam plant; a steam pipe when 1t 1s once installed has 
to be kept hot all the time, has to be kept drained, and everv 
steam-supplv pipe must have an exhaust pipe, so that the 
trouble 1s far greater than the expensc. 

The motor-drive for the other auxiliaries permits of direct 
connection to centrifugal pumps, making verv compact, cheap, 
efficient, simple, and easilv maintained sets and entirely elim- 
inates the maze of hot steam and exhaust pipes which permeate 
the ordinary power plant basements and which are such a 
continuous source of trouble and expense to keep covered, 
drained, joints tightened, etc. Motor-driven sets also do away 
with the necessity for cvlinder lubrication, oil-cups, and nearly 
eliminate the small stuffting-box and packing expense and re- 
sulting slop from steam-pumps. Since the exciter sets must 
furnish the power there is no diminution in the supply of ex- 
haust for feed-water, and since the power 15 direct current 
there is everv opportunity for ethcient speed regulation to 
meet all variable load demands. Therefore there seem to be 
very valid reasons why steam-driven auxiliaries should not be 
used exclusively, but rather to use the motor-driven auxiliaries 
in the larger number of cases. 

Mv opinion seems to be directly contrary to the opinion of 
Mr. Stott, but I think his opinion 1s probablv based on some 
accidents that occurred at the Manhattan plant. I understand 
that when the plant was first started thev put 1n motor-driven 
boiler feed-pumps, and on one occasion a short circuit resulted 
in the closing down of the plant; before the engines could be 
started up the boilers had evaporated all the water out of the 
valves. 

With reference to the use of superheated steam it should 
be said that superheat causes no additional lubrication expense 
on the turbine, such as is necessary with high superheat in 
engines. 

The author calls attention to the turbine's much flatter 
ећсіепсу curve, which means better all-day efficiency, and to 
the fact that the turbine set's first cost 15 33o less than the 
reciprocating-engine set. "These two features, as will be seen 
later, have a verv marked bearing on the total cost of the unit 
output, especially when the plant works on a low load-factor. 
It should be noted in this connection that the ordinary power 
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plant works on a load-factor of about 50° or less, usually 
less, frequently as low as 25% 

It is often charged against the turbine that it must hdve 
an expensive surface condenser with auxilaries using larger 
amounts of power to maintain its necessarilv better vacuum 
for maximum efficiency. Practice has, however, in some of 
the more recent constructions, shown both ideas fallacious, as 
high vacua are easily maintained in turbine plants with ejector 
or barometric condensers, and there is far less air leakage into 
the turbine exhaust. Which type of condenser to install 15 
determined in nearly every case by the suitability of the avail- 
able water for boiler-feed. | 

The surface condenser can be used with advantage on tur- 
bines more often than on reciprocating engines, as the turbine 
introduces no oil into the exhaust, and the condensation 1s 
therefore most suitable for feed water. 

Mr. Stott estimates that the combined engine and low- 
pressure turbine plant would use 23€, less steam per unit 
output. Such an increase of economy in practice appears to 
be improbable. It would seem that a plant containing such 
combination sets would be much more complicated, more ex- 
pensive in first cost and maintenance, and that a lower total 
cost per unit output would probably result by the installation 
of a straight turbine plant. 

The accompanying chart plotted on the same scale on a 
basis of total plant efficiency in B.t.u. per kilowatt-hour for 
steam-engine, steam-turbine, and gas-engine sets shows clearly 
the relative economical capacity range of the three types of 
prime movers cited by Mr. Stott. While the gas-engine curve 
is not so flat, it should be remembered that the economical 
capacity range of the producer and auxiliaries for a gas-engine 
power plant is much broader than for steam boilers with the 
usual steam power plant auxiliaries, which tends to flatten 

out the curve for economy of producer-gas-engine plant at 
various capacities. 

The economy of the gas-engine plant is so much better 
than that of the steam plant that a far greater variation. from 
maximum economy with change of load can well be allowed 
and still keep the plant duty far higher than any type of steam 
plant. | 

There seems to be an error in Mr. Stott's assumption that 
the entire 30% waste heat in gas-engine exhaust, minus 5%, 
loss to stack, can be converted into steam. The engine ex- 
haust-gases being at a comparatively low temperature (as com- 
pared with ordinary boiler furnace temperature) cannot impart 
even the ordinarv percentage of heat to the boiler; therefore 
more than the usual loss of heat to stack must be allowed. 
This would probably reduce the proportion of heat saved from 
exhaust gases below 15%. Neither is it proper to assume that 
the 7.1% of jacket-water heat could be used in the turbine 
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end of the combination plant at a thermal efficiency of 35.16;. 
for almost the exact temperature of feed-water is available 
in the condensed steam from turbine so that the warm jacket- 
water would scarcely be used for the boiler-feed. 

The recoverable heat could not therefore amount to 37.160 
nor could the cfliciency of its conversion run so high as 35.1%, 
nor could the thermal efficiency of the turbine end of the com- 
bination plant approach 256%, as stated by Mr. Stott: especially 
since the turbine end of the plant would be carrying a very 
variable load which would decrease its steam economy corre- 
spondingly. 
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There seems good prospect of our having at an early date a 
commercial gas engine that will have overload characteristics 
approaching those of the steam engine and will therefore show 
much better average efhciency on the customary load variation. 

The Otto cycle gas-engine exhausts its gases at a terminal 
pressure, say 40 Ib., when carrying from 50 to 100% load. The 
ideal gas engine cycle would seem to embody a design in which 
the terminal pressure would varv with the load, as in a steam 
engine, and the combustible mixture would be varied in volume 
according to the load; at light loads a stratified cushion of air 
being first admitted next to the piston to make up a constant 
cylinder volume and therefore à constant compression irre- 
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spective of load. The compression space or clearance to be 
much smaller than usual, so that the usual high compression 
would be maintained with the intake gases following the piston, 
say half the stroke. The full-load engine capacity would then 
be so proportioned as to expand the burnt gases down to say 
5 lb. before exhausting, while at the overloads the governor 
would admit sufficient explosive mixture to maintain the ter- 
minal pressure much later so as to exhaust at, sav, 40 to 50 lb. 
per square inch. Thus the terminal pressure would vary with 
the load much as is the case with a steam-engine. This in 
contradistinction to the variable compression pressure with 
load changes in the ordinary Otto cycle engine. In a gas- 
engine of the tvpe suggested the temperature of the exhaust 
at average load would be lower, and less heat would therefore 
be available for steam raising, possibly not more than would 
be necessary for steam supplv to producers and auxiliaries of 
the gas generator room, so there would be no reason for mixing 
gas-engines and steam-turbines in one station. The plant-duty 
of a station of this tvpe should be far greater than that of a 
. mixed plant, not to mention the simplification of operation and 
maintenanée. 

I think it is a very important matter not to mix the equip- 
ment in any power station. As Mr. Stott has pointed out, it 
is difficult to maintain a state in the boiler room where the 
stack losses are kept as low as 22%; as a matter of fact it runs 
over 30% in this district, instead of down as low as 22%. Mixing 
equipment means simply reducing the chances of keeping it down 
to that point, and furthermore, there is every reason why a 
plant should be kept uniform. 

In conclusion, it is evident that we cannot longer, under 
ordinary conditions, afford to install steam-engine electric 
power plants, for turbine plants are more efficient and cheaper 
in both investment and operating costs, though producer-gas- 
engine plants are far cheaper than either in operation but not 
in first cost. There 15, however, good prospect of lower first 
cost and better overload characteristics in the near future. 

Low investment cost is an essential for plants operating on a 
low load-factor, but it does not seem advisable to mix gas-engine 
and turbines in the same plant, but rather to encourage manu- 
facturers to develop a gas-engine operating on a cycle that will 
permit of developing at least 50% overload, the engine being 
rated at its most economical load. 

Rudolph Wintzer: A large number of electrical central sta- 
tions in Europe are owned by municipalities, as are many of 
the city gas-works. In early years the gas-works frequently 
furnished gaseous fuel to small gas-engine driven plants, the 
charge for gas having run as high as 85 cents per 1 000 cu. ft. 
But during the last five years several large central stations have 
been established, using producer gas-engines. Scheveningen, a 
bathing resort in Holland, will ultimately be equipped with 
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six 350 h.p. Nurnburg gas-engines driven by anthracite pro- 
ducers of the suction type. 

The largest power plant using producer-gas is located in 
Madrid, Spain, furnishing light and power to the entire com- 
munity. It is equipped with six 1 250 kw. (2 000 h.p.) Nurn- 
burg gas-engine alternators operating in parallel, supplied by 
a Mond producer-gas system using low-grade slack coal. Re- 
covery of by-product, including tar and ammonia, is practised 
at this 12 000 h.p. plant. 

The gas-engine is used to a very great extent with suction 
producers, in water-pumping stations for small cities and 
counties, especially in western Germany. “ Braunkohle ”’ 
(corresponding to our peat) and lignite in the form of briquettes 
` is largely used in these small plants, and with excellent results. 

The greatest development of the gas-engine on the con- 
tinent has taken place in connection with blast-furnaces and 
the coaling industry where the waste gases from furnaces and 
coke-ovens are largely used for power. A large enterprise of 
this character 1s now being carried out near Essen in Rhein- 
land. Essen is the Pittsburg of Germany. Within a radius 
of 40 miles occur most of the largest coal mines and iron and 
steel works of that country. Most of the existing electrical 
central stations in the district have been acquired by the steel 
syndicate, which 1s erecting large central stations driven by 
blast-furnace and coke-oven gas to furnish this whole industrial 
section with electricity for lighting, power, and traction. Some 
customers in the territory have requisitioned as high as several 
thousand horse power. These central stations will be erected 
at the various steel mills and mines, and will all work in par- 
allel. 

Typical gas-power stations using blast-furnace gas, are now 
working at the following plants: John Cockerill Co., Seriang, 
Belgium, 3000 kw. United Iron and Steel Works at Hoerder, 
Westfalia, 3500 kw. Schalker Iron and Steel Works, Gelsen- 
kirchen, 4000 kw. Rombacher Iron Works, 3000 kw. A 
typical plant driven by coke-oven gas is located at Eschweiler 
mines in Alsdorf, where a central station of 2 800 kw. is in 
service, using Otto coke-ovens with recovery of by-products. 
This plant furnishes current for driving 3 000 h.p. main hoisting 
engines, pumps, fans, compressors, coal-washing plants, etc., 
and for electric traction service in the neighborhood. No 
steam 1s used at these works, and a producer-plant 1s available 
as a reserve in case of necessary shutting down of the coke- 
ovens. In a short time this plant will work in parallel along 
high-tension transmission with a hydraulic plant 40 or 50 miles 
distant, installed by the Ruhr River Hydraulic Development 
Companv. 

While formerly the practice was to drive large rolling-mills 
directly with large gas-engines, the present practice is rapidly 
tending to motor-driven rolls, supplied with power from a 
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central station. At Differdingen, in the steel and coal works 
of the Germany & Luxemburgh Steel & Mining Company, it 
has been found by careful experiments that for every 1 000 h.p. 
maximum required at the main rolling-mill, with engine-driven 
rolls, only 600 h.p. capacity 15 required at a central station. 
A number of units are provided, giving flexibility of service, 
and 40% is made on the first cost of the gas-engines installed. 


TYPES OF GAS-ENGINES IN USE. 


For large work three types are represented; namely: 

1. The four-cycle, double-acting tandem engines of Nuren- 
burg, Deutz, and Cockerill. 

2. The two-cycle, double-acting Koerting tvpe. 

3. The two-cycle, double-acting opposed, Oechelhauser engine. 

Of these three types, the four-cycle type has become stan- 
dardized for general power-station work, while the two-cycle 
types have found their most extensive applications to blast- 
furnace work. Four-cycle tandem engines are operating up to 
2 000 h.p.; that 15, 1 000 h.p. per cylinder. Two-cycle engines 
have also been built from 750 to 1 000 h.p. per cylinder. 

Comparing the constructions of the three types for 1 000-kw. 
units, it is found that the four-cycle engine has one connecting- 
rod and two power cylinders; the Koerting engine has two 
connecting-rods, two power cylinders, four compressor cylinders 
of nearly the same diameter, and two side connecting-rods; 
the Oechelhauser two-cycle engine has a six-throw crank-shaft, 
four bearings, six connecting-rods, four single-acting pistons, 
and two compressor cylinders. In the Koerting engine the 
exhaust ports in the cylinder wall are uncovered by the piston; 
in the Oechelhauser engine the pistons uncover both exhaust- 
and air-ports so that no valves are used. This elimination of 
valves in the Oechelhauser and Koerting types looks at first 
sight like a simplification, but in reality it involves serious 
complications in the number and disposition of the principle 
working parts. 

A comparatively new type of engine is being built by a 
British company. It is a two-cylinder double-acting vertical 
engine arranged like a cross-compound steam-engine, with 
generator between cylinders. This is built up to 2000 h.p. 
capacity. 

European practice has definitely tended toward single-crank 
units, and the horizontal tandem, double-acting type has 
become the standard in this respect. By duplicating the tan- 
dem arrangement, making a two-crank engine, the economy is 
not improved and the speed variation of the single-crank type 
is found to be close enough for alternating-current work. The 
single-crank units give far greater flexibility їп central-station 
operation; they can be loaded more economically, and there is 
more opportunity for inspection and repairs. The sizes most 
frequently used are 1 000, 1 500, and 2 000 h.p. 
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ELECTRICAL OPERATION. 


In regard to the electrical specifications for gas engine work, 
Continental firms usually specify a cyclical flv-wheel deviation 
of (15 to gy the pole-distance in engines with one impulse 
per stroke. This ccndition can easily be met and takes into 
consideration cccasional irregular working. In a £00 h.p. engine 
of the vertical, double-acting tvpe, driving spinning machinery 
at the Hollins Mills, Marple, a cyclical speed variation of 0.2 
to 0.4 per cent. was obtained, which was increased to only 
1 per cent. when one cylinder was made to misfire regularly. 
The cvclic speed variation was taken with a very sensitive and 
well-made recording tachometer. It 1s a matter of interest that 
the steam-engine which formerly did the work of this gas- engine 
showed % per cent. cyclic variation, and it is not surprising 
therefore that the mill tenders had less trouble from broken 
threads after the gas-engine was put in service. 

Troubles from parallel operation are practically unknown 
in engines above 1 000 h.p. giving two impulses per revolution 
and 25 cvcles. 

A type of alternator in general favor, is a combined flv- 
wheel and generator field im one structure, with the fiv- 
wheel rim outside the rotating field. With the usual speed of 
peripherv of field, this permits a high flv-wheel speed with a 
short distance between the bearings and good accessibility. 


FUELS. 


In Germany the cost of hard coal is $5.50 to $6.50 per metric 
ton, (2 220 pounds), according to facilities, of transportation. 
Good bituminous coal costs $3.50 to $5.50 per ton, and bitumi- 
nous slack costs from $1.50 to $2.50 per ton delivered at the 
plant. On a small scale, anthracite is largely used, but in 
very large plants, such as that of Madrid, low-grade bituminous 
coal 15 mostly used. The Mond producer system has greatly 
enlarged the possibilities of low-grade bituminous fuels. 

Clean gas is the first consideration for successful running in 
all power plants using producer-, blast-furnace, or coke-oven 
gas. Tar m its several forms, must be removed from the gas, 
also sulphur and dust, to a point where not more than 0.03 
grams per cubic meter of foreign matter 1s present. 


ECONOMY. 


With blast-furnace gas the 1 000 h.p. engines at Rombach 
and Ruhrort have shown a heat consumption as low as 9 300 
B.t.u.’s per brake horse power hour at full load, and 12 000 at 
half load, using the '' lower ” or “ effective " heat value of the 
gas. It is European practice, however, to rate engines some- 
what higher than thev are rated in America; the above engines 
having only 5 per cent. normal overload capacity. High-grade 
Mond gas-plants in England have shown economies of 1.1 to 
1.2 pounds of slack coal per brake horse power hour, including 
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all standby losses for the balance of a 10-hour working dav 
In this particular the producer has a very large advantage over 
steam, and especially superneated steam plants, as the standby 
losses are almost negligible. At a large European iron and 
steel works at Essen, extensive tests were made to ascertain 
the standby losses on the steam-piping svstem which was in 
fair condition and completely lagged. With no steam used 
for driving engines it was found necessary, in order to main- 
tain normal pressure, to keep twenty 180-h.p. boilers under 
full fire. 

In well-constructed horizontal gas-engine plants the oil con- 
sumption is no higher than in a corresponding steam-engine 
plant. For instance, a 1 000-h.p. tandem gas-engine requires 
on an average of 35 to 40 lb. of oil (4.75 to 5.25 U. S. gal.) 
per 24 hours, 60 per cent. being cvlinder oil at 35 cents per 
gallon, 40 per cent. being engine oil at 20 cents per gallon. 


Cost OF EUROPEAN PLANT. 


For a 2 000-h.p. high-grade gas-engine plant the distribution 
of cost should be about as follows: 


Dollars per brake horse power 


Сбаз-Епрїпев................................%40.00 
Foundations ре Быел s ied omit ea aw Pe chy 2.20 
ОАТС POMPE 0.80 
Dci усл s eco qoa Yee eo eee pete een 1.00 
Piping and engine ошїЙ{..................... 3.00 | 
|9] сезда ес шоо УКУКТУ ЛГ К ТУ ГТ 14.00 
Gas-producer р1!апї.......................... 14.00 
Producer ОЙО vincent det ee hee а хае atis 1.50 
ТОТА Ж ОСОО ҮҮ Л КЛ. 1 


or very nearly $100.00 per kilowatt. 

About a year ago high-grade gas-engines sold for about 
$25.00 per brake horse power. The present prices are some- 
what higher. For high-grade steam-engines using superheated 
steam the cost 1s about the same, $25.00 per brake horse power. 

J. R. Bibbins: As the saturation and regulation curves of a 
dynamo are characteristic of its operation, so do certain curves 
as definitely characterize the working of a prime mover. Speak- 
ing particularly of heat engines, there are three curves which 
materially assist in determining the suitability: of a machine 
for a particular service; these curves represent: 1, the hourly heat, 
(steam or gas) consumption at various loads with its derived 
curve of the ''water-rate " variety familiar to steam-engine 
practice; 2, kinetic (absolute thermodynamic) efficiency, with 
its derived curve of mechanical efficiency ; 3, speed regulation, 
involving, in the case of the reciprocating-engine, cyclical as 
well as absolute speed-variation. The first determines the rate 
of input of working medium, steam, gas, air, etc.; the second, 
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the efficiency of conversion into useful work in the shaft; and 
the third, the suitability of the machine for operating constant- 
potential electrical apparatus. In this discussion we are chiefiy 
concerned with the first, and from a purely practical standpoint. 

Steam-Engines: In high-speed steam-engines such as the 
Willans, governing by throttling steam-pressure, the total steam 
consumption per hour is practically proportional to the load. 
Plotted in the form of a curve, known as the '' Willians ”* or 
water line, it gives practically a straight diagonal line A B, Fig. 1. 

The so-called water-rate curve derived from this, А” B’, and 
expressing steam used per horse power per hour is then, of 
course, a hyperbola and shows a constantly decreasing water- 
rate with increasing load. Clearly, then, this type of engine 
is able to give its best economy at maximum output. In 
modern power work, however, this condition 1s demanded onlv 
occasionally to tide over maxima in a fluctuating load; on the 
other hand, from an economical standpoint, the engine is obliged 
to work at considerable disadvantage during normal loading. 

Now in a steam-engine governed by a positive cut-off, the 
water-line is decidedly curved, C D, due to a varietv of causes, 
giving a water-rate curve C’ D’ of more pronounced curvature. 
Two important results have, however, been achieved; first, the 
engine gives its best economy between three-fourths and full 
load where it 1s normally working a greater part of the time; 
and secondly, bv lengthening the cut-off a verv large overload 
capacity 1s available. On the other hand, the cut-off method 
compares less favorably at light loads and heavy overloads, 
the water-rate increasing rapidly in either direction. 

Steam Turbines: Manitestly a combination of the two systems 
should vield the characteristics most to be desired; these char- 
acteristics are: а, maximum economy at normal loading; 
b, large overload capacity with fair economy; c, good economy 
at light loading. These have fortunately ‘been realized to a 
large extent in the steam-turbine. 

А steam-turbine of the well-known pressure type gives a 
practically straight water-line, E F, Fig. 1, up to about full 
load with a somewhat higher inherent efficiency than the steam- 
engine, їп most cases excecding the cut-off engine even at the 
best load. Bv the use of a ‘ secondary " admission of steam 
to lower stages in the turbine, its power тау be increased to 
as high as double the normal rating and with but small loss in 
economy. Supposing the secondary or overload valve comes 
into action about full load, F, the water-line abruptly changes 
direction, F G, resulting in a compound water-rate curve, E'F'G'. 
At the point of opening. F’, the steam consumption begins to 
increase, but as the overload increases the turbine tends to 
regain its original ethciency. Furthermore, the prime mover 
and generator are better matched in regard to efhciency than 


ж " Willans Law " first expounded by P. W. Willans. See Transactions 
British Institution Civil Engineers, 1890. 


х TYPICAL PRIME MOVER CHARACTERISTICS. „а 
; A.B, = HIGH-SPEED THROTTLING STEAM-ENGINE У 
= INTERNAL-COMBUSTION ENGINE. »* 
C,D.— AUTOMATIC CUT-OFF STEAM-ENGINE. 
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BECONDARY ADMIBBION. 
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in the cut-off engine, both doing their best work at normal 
rating. | 
These characteristics are well illustrated in the accompanving 
curves, Fig. 2, showing tests upon a 1 000-h.p. Westinghouse- 
Parsons turbine. From one-half load to 100% overload the 
water-rate varies but little over 10%. The same characteristics 
appear in the non-condensing tests, except that the turbine 
was unable to sustain as heavy a load, being guaranteed only 
for full load non-condensing and 50% overload condensing. 
Low-Pressure Turbines: If we represent in curve form, Fig. 3, 
the work available in steam expanding from 150 lb. initial 
pressure to atmosphere, the fact is apparent that there has 
been used onlv about one-half of the total work available at a 
vacuum of 28 in. This at once explains the possibility of the 
low-pressure steam-turbine working on vacuum alone, and it 
is interesting to note that the water-rate of such a turbine is 
about double that of a similarly constructed turbine working 
through the entire range of pressure. Thus a 750-kw. West- 
inghouse-Parsons turbine below atmosphere has given a water- 
rate of 25 lb. per brake horse power with high vacuum, corre- 
sponding to about 13.5 lb. per brake horse power-hour for the 
total pressure-range. Moreover the total water-line is practi- 
cally straight as in the normal turbine, showing that steam 
is used with uniform efficiency at all loads. Professor Rateau 
of Paris has done much along these lines of low-pressure turbine 
work. The low-pressure turbine is of interest in providing a 
means of nearly doubling the output of a non-condensing steam 
plant with but little increase in operating expense. Cooling- 
towers are, of course, of assistance where water is costly. 
High-pressure turbines, working down to atmospheric pres- 
sures, are, on the other hand, frequently used in district heating 
svstems, half of the energy in the steam being converted into 
electrical energy, and the remainder into heat. Usually, a 
condensing turbine is employed running non-condensing during 
cold, and condensing during warm weather. 
Internal-Combustion Engine: Curiously enough, the gas-engine 
presents the same characteristics as the throttling steam-engine; 
namely, a nearly straight Willans or gas-line, A В, Fig. 1, and 
a continually decreasing rate curve of gas consumption, A’ B’. 
It possesses, however, nearly double the efficiency of heat con- 
' version or kinetic ећсіепсу*. of the steam-engine. An engine 
of good design is capable of delivering from 25% to 30% of the 
heat of the gas in the form of work at the shaft, while the corre- 
sponding kinetic efhciency of a large steam-unit usually runs 
from 12°, to 15% and of a steam-turbine 15% to 22% of the 
heat input. As a machine, its mechanical efficiency is nearly 
the same as a high-grade reciprocating steam-engine. 


* Kinetic Efficiency is defined as: 
Thermal equivalent of useful output _ 2 545 


Total heat input in gas. ~ Btu. per B.h.p-hr. 
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Could we rate the gas-engine at its maximum capacity we 
should. of course, obtain maximum efhciency at normal rating, 
and in European practice this 1s frequently done; but in Amer- 
ican practice some overload capacity 1s demanded, hence we 
must deliberately rate the engine below its maximum by the 
per cent. of overload desired. This is an unfortunate charac- 
teristic of the gas-engine; that its maximum power is reached 
when the cylinder is full of mixture, and it seriously militates 
against gas power in the minds of those who install a smaller 
steam-engine with the deliberate intention of overloading it, 
a more or less universal custom. 

The Gas-Engine Generator: Present practice assigns an over- 
load capacitv of 10€; sometimes of 15€, to the gas-engine. 
Standard generators are, however, capable of sustaining 25% 
overload continuously within safe temperature limits. It is, 
therefore, permissible to rate the generator on a closer margin; 
that is, give 1t a higher rating for gas than for steam, work. 
This enables the generator to run normally at a slightly higher 
ећсепсу, and reduces the cost of the power unit per kilowatt 
capacitv, which 15 desirable owing to the high cost of gas-engine 
construction. 

Load-Factor: The term load-factor 1s often used in widely 


different senses, usually as follows: 
Average load on engine | | 
— L, during operating period only. 
Rated Capacity. | 


Average load on station 
Total rated capacity of generators. 


Average load on station. 
Maximum (or swinging) maximum. 


Average load on station 100 kw-hr. generated 
Average (or steadv) maximum. | Max. kw-hr. 


Cc) 
By average maximum 1s meant the maximum shown on the 
station load-curve plotted from wattmeter readings. "This last 
is the true load-factor and, for 24 hours’ service, it alone offers 
an impartial basis for the comparison of station costs and 
economies; although b may be used in comparing the operation 
of a given plant at different seasons, a is of importance in prop- 
erly proportioning or “ blocking in " engine capacity to suit а 
particular load-curve, such as Fig. 4. with the best ultimate 
economy. Dy integrating both the station load curve and the 
corresponding engine curve the average 24-hr. load per engine 
can be readilv estimated, and the consequent water and coal 
consumption of the station approximated. 
Much emphasis has very properly been placed upon the effect 
of load-factor on fixed or capital costs. But in a plant with 
load-factor varving from month to month, as in a central 
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lighting station, the effect on operating costs and economies 1s 
fully as pronounced. The accompanyiny curve, Fig. 5, shows 
average results from a 750-h.p. plant using producer-gas fuel 
and subject to a variable load-factor during the various seasons. 
The curve 1s practically a hvperbola, as it should be, and within 
the working range of the plant it shows an increase of from 
1.9 to 31b. of coal per kilowatt-hour, or 27.5% with a decrease of 
60% in load-factor. At normal working the plant uses about 
two pounds of coal per kilowatt-hour. 

For a steam plant operating under variable load-factor the 
general character of the curve is the same. Thus in a 7 500-kw. 
light and power plant using steam-turbines the operating cost 
was reduced from 0.5 to 0.325c. per kilowatt-hour or 42.5% 
of the normal, with an increase of only 13% in load-factor. 
See Fig. 6. 

It is therefore apparent that as two factors combine to give 
the total cost of power; namely, the operating costs and capital 
or fixed costs, both should be considered in determining the 
effect of load-factor . As a matter of fact one 1s about as 1m- 
portant as the other. With a high load-factor 50% to 70%, 
such as occurs in a large railway plant, a small change has a 
comparatively insignificant effect owing to the flatness of the 
curve, but in a lighting plant where the load-factor ranges from 
15% to 25% the values change with great rapidity. An ex- 
cellent method of obtaining a clear idea of the total effect of 
load-factor is by means of a diagram, Fig. 7, similar to that 
used by Dr. Mertz, in which capital costs are plotted below, 
and operating costs above the horizontal axis, the total ordinate 
giving total costs. The combined effect of the two curves is 
very striking, and emphasizes the necessity of increasing the 
average all-day load upon a power station by every legitimate 
means. Also of restraining as much as possible the capital cost 
of a power station necessarily operating on low load-factors. 


Digitized by Google 


A paper presented ata Meeting of the Philadelphia 
Branch of the American Institute of Electri- 
cal Engineers, Philadelphia, April 9, 1906. 


Copyright 1906. By A. I. E. E. 


A NEW METHOD OF TURBINE CONTROL. 


BY LAMAR LYNDON. 


In bringing to your notice a new method of turbine control 
which will presently be explained, it is necessary to discuss, 
briefly, the theoretical conditions and from them derive a 
knowledge of the relative importance of the various factors 
involved. With this knowledge it 1s easy to deduce the ne- 
cessity for certain features of design which have, in this method, 
been provided. 

In the case of a turbine fed by a long, closed pipe, it 1s evi- 
dent that any change in the gate opening must be accompanied 
by a change in the velocity of the column of water, and since 
this column has weight, velocity, and 15 practically incom- 
pressible, kinetic energy, proportional to its mass and the square: 
of the velocity is stored in the moving water and any change 
in its velocity must be accompanied bv a corresponding change 
in its energy, which can only take place by change in the in- 
ternal pressure in the pipe. 

Starting with the formula, the basis of err 


Е = МА, in which 


F = Force or pressure in pounds 
М = Mass = Weight in pounds + 32.2 
A = Acceleration in feet per second; 


the change in pressures for changes in gate opening can be de- 
duced. 


Let S Area of pipe in square feet. 
L = Length of pipe in feet. 
W = Weight of a cubic foot of water = 62.5 Ib. 
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Then SLW = total weight of water in the pipe at any time 
SLW | 


and its mass — 739.3 (1) 
If C, = velocity in feet per second with a given gate opening 
C, = Velocity with a reduced gate opening 
T = Time of change in seconds. 

then P the pressure set up will be, 


SLW .C,—-C 
de Lm d 


which is the total pressure to retard the mass of water. 
If p = pressure in pounds: per square inch, 
P _SLW C—C: L(C,—C) 


P = S144 ^ 5X144% BOOT 74 3T (3) 


this being the formula for excess pressure, above that due 
to the head when the gate opening is reduced, or the reduction 
in pressure to be subtracted from the head at the time when 
the gate opening is increased. It is to be noted that the pres- 
sures per square inch are independent of the diameters of the 
pipes. 

As an example take a pipe 1000 ft. long; head at the 
turbine 90 ft.; velocity of water in the pipe 6 ft. per second at 
full gate. Reduce this opening to 70€, gate in three-fourths of 
a second. The reduced velocity of the water is 70% of 6 = 
4.2 ft. per second. 


_ 1000 (6—42) _ oo, 
ЕУ 


The head оп the turbine ts 90 0.434 39 ft. normal. Per- 


i Е "m 
centage change in the pressure 15 wm SU cs 
If the gate were moved from 70° to 100° opening as 
above, the net head acting for the short time of gate movement, 
would be 39 — 32.3 = 6.7 lb., or about 17€, of the normal head. 
When the gate is completely closed the phenomena are very 
different as are the laws which govern them. These will now 
be investigated. 
If the gate were closed instantaneously, the excess pressure 
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set up would be infinite if it were not for the ductility of the 
conducting pipes and the elasticity of the water itself. Ве- 
cause of these effects, however, the pressures produced by 
instantaneous closing of the gate are not infinite but, from a 
theoretical viewpoint, small, though exceedingly great when 
considered as hydraulic effects, to be taken care of in practice. 

For increase of pressure when the valve is closed instan- 
taneously the formula is 


_ (\ «Е Е’ ) 
Dome g(t E'-2 RE) (4)* 
in which 
p = Increase in pressure per square inch. 
с = Initial velocitv in feet per second 
w = Weight of a prism of water 1 ft. long and 1 sq. in. in 


cross-section = 0.43416 

Е = Modulus of compressibility of water = 294 000 Ib. per 
sq. in. = 294 10? 

E’ = Modulus of elasticity of plate iron = 30000000 Ib. 
per sq. in. = 3X10! 

t = Thickness of pipe plate in inches 

g Acceleration due to gravity = 32.2 

R Internal radius of pipe in inches. 

Take, for example, a pipe of 5 ft. diameter, the thickness of the 
pipe wall being 0.25 in., and the velocity of the water in the 
pipe being 6 ft. per second. Substituting the above values of 
w, t and R, 


E RE о о ead 
m 32.2 (0.25X 8X 107 + 2 X 30 X 294 X 107) 


whence р = 6X4/11s2 = 206 lb. per sq. inch— а pressure 
which approaches the rupturing point of the pipe. 

As may be seen, the pressure produced by tnstantaneous 
closure is independent of the length of the pipe. An appre- 
ciable time, however, is required to close any valve, and with 
the introduction of the time element, the length of the pipe also 
enters as a factor into the problem. The theory, in general, 
of the phenomena which take place on instantaneous gate 
closure, is that the kinetic energy of the moving mass of water 
changes to potential energy, distending the pipe and com- 


* Church's “Hydraulic Motors,” p. 208. 
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pressing the water. This compression of the water continues 
for only an instant, as immediately after compression it begins 
to extend itself; this act of extension again sets up the pres- 
sure and causes compression. The cycle is repeated and this 
continues until the friction of the water in the pipe and the 
molecules against each other decrease the amplitude to nearly 
zero. The whole occurrence is an oscillatory one and re- 
sembles somewhat the phenomenon of '' surging ” in electrical 
transmission lines carrying alternating currents. The velocity 
of the “ wave propagation ' is the same as the velocity of 
sound in water, and this velocity varies with varying con- 
ditions of thickness of pipe shell, modulus of material of shell, 
and its internal radius. The formula for the velocity of wave 


propagation 15, 


~ jf y EEL. 
>= No S tE'+2RE ` (5)* 
Formula (4) may also be written: 
со М | 
= T 6 
Р k (6) 
in which v = velocity of wave propagation in feet per second. 
W = weight of cubic feet of water. 
_ РЕ 
= oW 


If p = 206 as given in the foregoing problem 


i 
„ _ 206X 4x 32.2 


= 2 540 ft. 
6x 62.5 040 ft. per sec 


Assume the pipe 1 000 ft. in length. Then the time required 
for the wave to travel from the gate back to the end of the pipe 
2x1 000 

2 040 
termed the ''time-constant'' of the pipe for the velocity of water 
flow of 6 ft. per sec., and designated bv T.. If the gate 

* Church's “Hydraulic Motors,” p. 208. 

[Constant 144 is to reduce the cross-section of a cubic foot of water to 
square inches. 


and return to the gate 1s = Q.788 seconds. This may be 
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be closed within the time of one complete wave cycle, t.e., 
0.788 second for this case, the pressure set ир is the same as 1] the 
gate had been closed 1nstantaneousl y. 

If the pipe were 3 000 ft. long the time constant would ob- 
viously be three times the above or 2.364, say 24 seconds, and 
in order to avoid the heavy pressure computed, the gate must 
not close within this time of 24 seconds. 

If a longer time be taken to close the gates, the pressure 
set up will be directly proportional to pressure due to instan- 
taneous closing in the inverse ratio of T, to T,, where T, is 
the time in which the gate is closed. That is р:р”: :7,:T,. 
Thus if 4.5 seconds are taken to close the gate, for conditions 
as above and a length of pipe of 1000 ft., the pressure pro- 


duced will be 206 X e: = 36 lb. For a 3000 ft. length 


2.264 
4.50 

These formule and facts have all been experimentally proved 
by Joukovsky in a series of experiments conducted at Moscow, 
Russia, in 1897-1898, in pipes up to 24 in. in diameter. They 
show conclusively the necessity for compensating for the change 
in energv in the water column at the time of governing, if the 
gates are to be moved quickly for rapidly fluctuating loads. 
The art up to the present has not provided for this compensa- 
tion except in a half-way manner, by means of relief valves. 

The new method of regulating water-wheels subjected {о 
fluctuating loads which change suddenly, is based primarily 
on changing rapidly the main gate-opening of the turbine 
without changing either the pressure in the penstock or the 
velocity of the flow of water through the gate-opening, at the 
instant of change in the gate-opening. The velocity of the 
water in the penstock changes slowly after the gate has moved 
to some new position required by change of load, and changes 
so slowly that there is never any substantial change in penstock, 
pressure, nor in the velocitv of the water through the gate. 

Another feature is to make the control sensitive, and removed 
from the jar and vibration of the gate-moving mechanism, 
also the prevention of ''overrunning" or ''underrunning." 
The former causes an oscillatory movement of the gate to bring 
it to its proper position, while the second causes ‘‘hitching’’. 
or a step-by-step movement of the gate. | "E 


of pipe the pressure will ‘be 206 X = 108 Ib. 
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Fig. 1 shows the compensating valve as applied to the pen- 
stock, by means of which the pressure in the penstock is main- 
tained constant. The compensating device is a simple butterfly 
valve, working in a by-pass pipe which is tapped into the flume 
or penstock of the turbine. As may be seen, all water by-passed 


TO GOVERNOR D i 
„ЗАТЕ SHAFT |! 


| 
11 ШИ | 


nn | 
FEED) PIP | COMPENSATING VALVE 


Fic: 1. 


through the valve and auxiliary pipe goes around the turbine 


and does no work. 
Та plants where the amount of water available is in excess 


of that passed through the turbines, the compensating valve 
is kept just half-way open and a continual flow through it 
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results. If the load оп the turbine be increased, and the 
turbine-gate suddenly opened, the compensating valve will 
close at the same rate of speed `аѕ the turbine-gate opens. 
This turns an increased amount of water into the turbine 
without necessitating any change in the velocity of the column 
of water in the feed-pipe. Hence the speed regulation may be 
instantly effected. After the turbine-gate has found its new 
position and regulation is completed, the compensating valve 
returns, slowly, to its normal position of half-way open, the 
velocity of the column of water in the feed-pipe changing also 
slowly, to furnish the increased supply. 

If the load on the turbine should decrease, and the gate 
be suddenly closed, the compensating valve will open, the 
movement taking place inversely to the movement of the main 
gate. The outlet for. the water from the feed-pipe being in- 
creased, a less amount will pass. to the water-wheel, and there- 
fore the suddenly decreased gate- opening does not mean that 
the velocity of the water in the feed- -pipe is suddenly arrested, 
and great pressure set up. The velocity and pressure remain 
practically unchanged. When regulation is.completed for the 
new load, the compensating valve returns slowly to its normal 
position of half-open, thereby slowly retarding the velocity 
of the water column to correspond to the decreased supplv 
required. In other words, the time-element, which is due to 
the inertia and incompressibility; of water, and which is present 
in every governing arrangement, is transferred from the tur- 
bine to an auxiliary compensating device. | 

In those plants where all the available water must be con- 
verted into work and no waste can be allowed, this governor 
cannot give quite so accurate regulation as in plants where 
some water can be used for the purpose of governing. In this 
case the compensating valve is normally fully closed. If the . 
turbine-gate be quickly closed, the compensating valve will 
as quickly open, thus acting as a positively operated relief 
valve. As soon as regulation is completed, the valve slowly 
shuts tight, thus limiting the water-waste to ordinary relief- 
valve losses. | 

Fig. 2 shows the various parts and connections of the gov- 
ernor in diagrammatic form. G is a shaft driven from the tur- 
bine to be controlled; its direction of rotation 1s immaterial. 
Keyed on it are the iron plates E and F which rotate with the 
shaft. The plates 30 and 31, which are also on the shaft G, 
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and close against E and F respectively, are loose and normally 
do not turn. In each of these plates, 30 and 31, is a circular 
groove into which a coil of wire is wound. When electric cur- 
rent is passed through either coil, the plate in which it is laid 
becomes strongly magnetized. 

The plates 30 and 31 are fastened to mitre-gears B and C 
respectively, which are loose on the shaft. Obviously, if either 
electric clutch is energized, the mitre-gear connected to the 
clutch-plate wil turn with the shaft. 

Meshing with the mitre gears B and C is a third gear D, which 
is keyed on to shaft H, running at right angles to shaft G. If 


t 


e| RET 


Fic. 2. 


clutch-plate 30 is energized, shaft H will be caused to rotate 
in one direction by the gear B; while if clutch-plate 31 be 
energized, the shaft H will be made to rotate in an opposite 
direction by gear C. 

On shaft H is mounted a worm K, which meshes with a 
worm-wheel L, the latter being mounted on a third shaft М 
which is parallel to shaft G. This shaft M is the gate-shaft, 
and any movement of it will cause opening or closing of the 
water wheel gate. The worm and worm-wheel serve both to 
give a low speed to the gate-shaft and to lock it in any position. 

It is clear, then, that the gate will be opened or closed ac- 
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cording to whether B or C is energized. On shaft M is a third 
magnetic clutch, consisting of the plates N and O. Attached 
to N is a sheave-wheel 32 having two grooves in it in which 
lie the wire ropes 28 and 29. These ropes are attached to the 
compensating valve before described. 

Firmly fastened on the hub of N is a heavy leather strap 33 
which at the lower part of the loop it makes, is attached to 
the coil spring 34. When the clutch № О is energized, № will 
be caused to rotate in one direction or the other according 
to the direction of motion of the gate-shaft, and the ropes 28, 
29, will move the compensating valve in one direction or the 
other at the same time that the gates are moved. 

Obviously, if this sheave turns in either direction, the spring 
wil be extended, and as soon as the clutch is released the 
sheave-wheel will be drawn back by the spring to its normal 
position. Тһе motion of the sheave and clutch is limited to 
about 80 degrees. | 

The small dynamo is driven from the shaft, and there- 
fore varies its speed with that of the water-wheel. It 
is a shunt-wound machine having laminated fields, and the 
magnetic density is low. Since an increase in speed will cause 
an increase in voltage due to the higher velocity, and this in- 
creased voltage will strengthen the magnetic field which in 
turn will cause an additional increase in voltage, the voltage 
will vary as the square of the speed. 

The controller consists of a plain solenoid, W, which 15 con- 
nected with the dynamo, having inside it an iron core, х. This 
core is attached to a movable lever 23 which has mounted 
on it various contact-points. These contacts dip into the 
mercury cups below them whenever the lever is moved from 
the neutral horizontal position. When current passes through 
the solenoid it tends to draw down the core, and it 1s a well- 
known law of solenoids acting on unsaturated moving cores 
that the pull varies as the square of the impressed voltage. 
Since the voltage varies as the square of the speed, it 15 evi- 
dent that the pull on the solenoid will varv with the fourth 
power of the speed. 

When the speed is normal and the forces balance, the lever 
is in a horizontal position, and none of the contacts touch 
the mercury in the cups except point 22, which 15 longer than 
the others. 

Following the connections, it 1s clear that if the core is pulled 


288 LYNDON: TURBINE CONTROL. [April 9 


down by increase of voltage, contacts 13 and 15 will connect 
the. dynamo circuit with clutch 30, which will cause the gate- 
shaft to move in a direction to close the gate. At the same 


( |9?uM putH 


=== 


time clutch О will be connected to the dynamo circuit by 
contacts 14 and 16, and the sheave-wheel will also turn with the 
vate-shaft. 
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If the core should rise, due to decrease in voltage, the gate- 
opening clutch will be energized by contacts 18 and 20, while 
the sheave-wheel N will turn in a direction opposite to that 
in which it rotates when the gate closes, its clutch now being 
energized by the contacts 17 and 19. Thus the compensating 
valve is always moved in its proper direction whenever the 
main gate is moved. 

When governing is completed and the speed becomes normal, 
the lever 23 takes a horizontal position opening the clutch 
circuits, and the compensator sheave, N, is drawn by the 
spring 34 back to its normal position. The water flowing 
through and surrounding the valve gives a dash-pot action 
and makes this return movement take place slowly. 

The prevention of overrunning is accomplished by means 
of contacts 21 and 22 and the resistance V. Since the change 
in dynamo voltage causes opening or closing of the gates, it 
is essential that this voltage be brought back to normal before 
the speed has come back to its proper value. Otherwise the 
contacts will be held in too long, and the gate will overtravel, 
going past the proper position required by the load change. 

By following the connections of the dynamo field circuit, 
it will be seen that resistance V is in series with the field. Con- 
tact 22, which is longer than the other contacts, 1s connected to 
the middle point of V, and as it touches the mercury in cup 12, 
when the lever is 1n its horizontal position, one-half the resist- 
ance is normally short circuited, the other half being 
included in the field circuit. If the dynamo voltage 
should rise, due to speed increase, the solenoid will cause 
the lever to move closing contacts 13, 14, 15, and 16, and 
opening contact 22. This movement, while energizing the 
proper clutches, puts the whole of resistance V in series with 
the field circuit, causing a voltage reduction before the speed 
is reduced. This diminished dynamo voltage allows the con- 
troller lever to return to its normal horizontal position DIOE 
the speed has been brought to its proper value. 

Conversely, if the speed of the turbine should fall, reducing 
the dynamo voltage, the spring will overpower the solenoid, 
and the controller lever will close contacts 17, 18, 19, 20, and 21, 
and carry 22 ы а into the сир. The first four will close the 
proper clutches; 22 being already in contact with the mercury 
will have no effect; 21, however, is so connected to V that 
the resistance will now be entirely short circuited and the 
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voltage of the dynamo will rise to normal before the speed 
has quite reached its normal value, due to this reduction of 
resistance in the field circuit. "These resistances can be so 
accurately adjusted that the gate may be caused to move 
exactly to its proper position without overtravel or hitching. 

On an extension of shaft H is a threaded sleeve on which trav- 
els a nut, 27, moving in or out according as the shaft turns 
to open or close the gate. Obviously there is a definite posi- 
tion of this nut for any given gate-opening. As shown, it 
moves a contact-finger on a resistance T which resistance is 
also in series with the field circuit. This contact-finger and 
the resistance can be so adjusted that any desired amount of 
resistance may be cut out when the nut 15 in its extreme posi- 
tion corresponding to full gate on the water-wheels. This 
means that a reduced speed of the dynamo 15 necessary to give 
its proper voltage, and consequently the speed of the water- 
wheel is less at full load than at no load and by a definite per- 
centage. The speed rises slightly as the position of no load 
is approached, the field resistance being gradually increased by 
the changing position of the moving finger. This speed-drop 
on increase of load is essential for satisfactory running of dy- 
namos in parallel. By removing the finger the speed will be 
maintained rigorously constant for all loads; or by reversing 
the resistance connections the speed may be actually made 
to rise with increase of load by any desired percentage. The 
nut 27 also serves to open a limit-switch S, which 15 in series 
with the circuit leading to the clutch which opens the water-gate. 
If the gate be fully opened and there should be a tendency 
to open it still further, the nut, 27, will, by its movement, 
open the limit-switch s and thus prevent any current from 
reaching the opening clutch. S, being a spring-closing switch, 
it again closes the clutch circuit when the gate moves away 
from its extreme open position, and the operation of the governor 
is not interrupted. 

On the outer end of shaft H 1s the starting hand-wheel which 
is loose on the shaft, being clutched in for starting by shoving 
it forward about an inch so that the clutch-jaws mesh as 
shown. If it were fastened to the shaft, when the governor 
is regulating, its fly-wheel effect would be detrimental to good 
speed control. 

Working with the hand-wheel 15 the switch R which is in 
the main dynamo circuit. Shoving the hand-wheel forward 
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and clutching it with the shaft, moves the switch blade, opening 
the switch. The governor cannot regulate until this switch 
is closed by drawing back the wheel and releasing it from the 
shaft. It is therefore impossible for the governor to be started 
and the hand-wheel be left clutched to the shaft. 

The rheostat U is, in common with the other resistances 
described, in series with the dynamo field. This mav be lo- 
cated in any convenient place, such as on the switchboard in 
an electric plant, and by merely turning £he handle and varving 
the amount of resistance in circuit the speed of the turbine mav 
be varied at will This neither disturbs nor alters any ad- 
justments. The normal speed of the water-wheel is as set 
by the operator at this rheostat. Since the gate movement 
takes place quickly with this governor, these machines must 
be made very heavy and powerful. 
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Discussion on “А New METHOD OF TURBINE CONTROL," AT 
PHILADELPHIA, APRIL 9, 1906. 


Paul Spencer: What percentage of water will it generally 
require to flow through the by-pass valve in the operation, under 
one-half open valve, as described? 

Lamar Lyndon: That is a variable, and fixed by the par- 
ticular conditions under which any wheel may work. The 
amount of water which is passed continuously through the 
by-pass valve should be, theoretically, equal to the difference 
in the amounts of water which pass through the turbine-gate 
in a change from one degree of gate-opening to another. This 
may be better expressed by an example; where the average 
load changes are, say, 10% of full load, then 1065 of the water, 
or as nearly that amount as can be spared, should go through 
the bv-pass valve. Of course there would be times when a 
greater change of load than this would occur, and the by-pass 
could not completely compensate for this gate movement. It 
takes time, however, to effect any considerable gate movement, 
and that portion of the time during which the main gate is 
being moved through 10°% of its travel, and over which range 
the by-pass does compensate, the water has become partly 
accelerated, and the velocitv of the water has begun to change. 
The pressures set up, therefore, by changes in gate-opening are 
never very great, even if the percentage of gate change be 
greater than the percentage of the water passed through the 
compensating valve. Generally, on widelv-fluctuating loads, 
where they jump from 50 to 80 per cent. gate, about 10 to 15 
per cent. of the total water should go through the by-pass, 
if it can be spared; if it cannot be spared, the best that can be 
done will have to be done, that is all. The greater the amount 
by-passed the better the regulation will be. 

Carl Hering: Perhaps an air-chamber at the bottom of the 
pipe, containing quite a lot of air, would relieve the valve from 
most of the shock, and would not require anv continual loss 
of water. 

Lamar Lyndon: An air-chamber helps to some extent, but 
only because air is elastic; it compresses or expands with changes 
in gate-opening, and these changes in volume can onlv be 
caused by a change in pressure in the flume. If there is no 
change in pressure, the air will maintain its volume constant. 
Of course there is not so much shock on sudden gate-closing 
where an air-cushion is provided, but there is a definite change 
in the flume-pressure. Now the effect of the pressure-change 
is that 1f the load goes off and it 1s desired to reduce the water- 
wheel speed, and the gate be quickly closed, the increased pres- 
sure will send an amount of water through the reduced gate- 
opening, which while it is not so great as the amount which 
went through the original opening, passes through at a higher 
velocity. In other words, the kinetic energy in the water is 
manifesting itself at the nozzle or gate, and the wheel instead 
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of slowing down will actually speed up for a short time. This 
is found to be true of air-chambers. Whether or not an air- 
chamber of sufficient size has been tried, I do not know. Fur- 
thermore, an air-chamber has to be supplied by an air-pump 
continuously, as there are none of them that will not fill up 
with water in course of time by leakage or otherwise. The 
main point, however, is that the flume pressure does change 
with change in gate-opening, otherwise the air would not 
cushion; if there were not something to compress it, it would 
not change its volume. 

Carl Hering: Yes; but the cushioning of the air, I should 
think, would prevent to a great extent that increase of velocity 
that you speak of. When the energy has spent itself on the 
air, it will not do so on the turbine. 

Lamar Lyndon: It resolves itself into a question of velocity 
through the gate, which is proportional to the pressure in the 
flume. If the air is compressed and its volume changed, an 
increase of flume pressure is necessary to do this, and that 
means a corresponding increase in the velocity through the gate. 

Carl Hering: But does not that take some time, and by 
that time the gate will be closed? 

Lamar Lyndon: I do not know about the time-rate in 
compressing air, but imagine it is very rapid. .At any rate, 
in governing, changes in pressure with change in gate-opening 
occur even with air-chambers. 

Carl Hering: Even if the compressed air chamber is large 
enough? | 

Lamar Lyndon: That І do not know. І think air-chambers 
would help considerably, but thev will not do all that is required 
by the conditions of to-day. 
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ENGINEERING HONOR. 
PRESIDENT'S ADDRESS. 


BY SCHUYLER SKAATS WHEELER. 


While I have prepared in writing something of an annual 
address, as required by the Constitution, I shall try to express 
the substance of my theme to vou directly, because I attach 
some importance to the emphasis that can be given only in this 
way. All that I would say has been summarized by Francis 
Bacon in the preface to his ‘‘ Maxims of the Law " where he 
Says: 

"I HOLD EVERY MAN A DEBTOR TO HIS PROFESSION; 
FROM THE WHICH AS MEN OF COURSE DO SEEK TO RE- 
CEIVE CONTENANCE AND PROFIT, SO OUGHT THEY OF 
DUTY TO ENDEAVOR THEMSELVES BY WAY OF AMENDS 
TO BE A HELP AND ORNAMENT THEREUNTO.” 

I feel that I cannot make a better use of the opportunity 
afforded me by this occasion to reach electrical engineers and 
the engineering profession, nor can I do our profession a greater 
service, than by raising my small voice in support of the prin- 
ciple so admirably stated by Lord Bacon. I will use my oppor- 
tunity to urge that engineers interest themselves in improving 
the moral standard or the ethics of the profession and in strength- 
ening their sense of the obligation that binds all engineers 
to a course that is particularly honorable. 

We, as engineers, are accustomed to hearing ourselves re- 
ferred to as professional men. The habit of calling us profes- 
sional, though not strictly accurate, does no harm, and by en- 
couraging us to greater care and conscientiousness ought 
to benefit The relations between the clergyman, phy- 
sician, or lawyer and his parishioner or client are regarded 
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by law and usage as especially sacred and inviolable, and 
the obligation imposed upon the professional man to be faithful 
to the interests of the client or protege is equally strong. 
It is not in my mind to dwell upon these relations or even to 
attempt to describe them, because they are well known and 
established and the subject has been treated by many great 
authorities. 

My wish is to draw the attention of engineers and others 
who are engaged for the people in handling the forces of nature 
and in interpreting its laws, to the propriety and necessity of 
regarding themselves as in the same category with the strictly 
professional man. The attitude of the public contributes to 
this obligation. The public considers (much more than there is 
reason for) that the several branches of engineering are special 
subjects and not easily within the comprehension of the lav- 
man, and therefore it places itself in the hands of the engineer. 
He is thus put under the utmost moral and professional ob- 
ligation. The duty is as great as that of the physician to his 
patient, although engineers as yet do not generally recognize 
such responsibility. | 

On the other hand, the public finds no such declaration of 
high standards in the engineering profession as in the older pro- 
fessions. It is therefore inclined to treat the engineer lightlv 
in ethics, and to withhold from him that deference which, if 
rendered, would in itself encourage a higher professional stand- 
ard. 

That much thought has already been given to the subject 
by engineers, architects, etc., is shown bv the numerous dis- 
cussions which have taken place in тапу of the societies. The 
conclusions reached by many of them, as expressed in the 
several codes of ethics formally adopted for the guidance of 
members, are verv interesting and helpful. I ask “ leave to 
print" at the close of these remarks, reference to these dis- 
cussions and codes, with acknowledgement for the valuable 
assistance of mv friend, Mr. Edwin Rust Douglas. 

In a few cases, however, being prepared principally with a 
view to the relations of the members of the profession to each 
other, these codes are rather narrow and in the style of labor 
union rules. This suggests that greater weight be given in 
them to the interests of the client and the interests of the 
public. 

The electrical branch of engineering, being the voungest, has 
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. not yet formally taken up the question of ethics, but should do 
so and will have the aid of the experience of all other branches 
of the profession. 

The moral duties of the T may be summarized as follows: 

First, the duty to the client. To see that his interests are 
protected, that he is wisely educated or advised as to what he 
ought to have. That he gets it. That information pertain- 
ing to him does not reach others. | 

Second, The duty to the public. То see that the public 
is not imposed upon by misinformation. The newspapers 
are full of descriptions of schemes which mislead the public 
and of wildcat stories that are a reflection on the engi- 
neering profession.. Engineers are frequently called upon to 
discuss such schemes and to point out their absurdity; and 
are frequently unable to convince the layman that they are 
without merit, because the public mind is not sufficiently 
educated in engineering matters and because the professional 
standing of engineers in the community is not high enough. 

Third, The duty to the engineering societies, which in- 
volves contributing to their welfare, both in time for admin- 
istration and the preparation of technical contributions and dis- 
cussions, and in money. There are three reasons for this obli- 
gation: first, the society represents the art or craft by which 
the engineer supports himself. Surely he owes it some debt; 
second, it is to his advantage that the branch to which he 
belongs should attain a position of strength and recognition, 
and that it should command respect for its opinions and en- 
dorsements; third, he should so conduct himself as to stand 
well in his society, whose members are his peers, and are there- 
fore the men whose commendation the world will accept. 


THE ENGINEER'S Duty To His CLIENT. 


This is, of course, the most important obligation to be con- 
sidered, and the one to which all others must give way if there 
is any conflict. This is the direction in which improvement in 
the attainment of loftier ideals, which mav be expected from 
natural evolution as time goes on, will be most appreciated by 
the public, since in this direction the public 1s most affected. Itis 
hardly necessary to say that the client is entitled to the very best 
there is in the engineer in thought and in service or execution, 
and I mention it only to make the statement complete. In draw- 
ing a comparison between our profession and the older or recog- 
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nized ones with a view to selecting the lines along which we 
should try to guide our evolution and improve our standards, 
while I believe that the essential principles involved are the 
same, and that we should set our aim at as high and even a 
higher standard, there are some considerations which must 
not be neglected and which necessarily call for the employment 
of slightly different means in attaining the same end. 

Many supposedly independent consulting engineers have afhli- 
ations with engineering or manufacturing concerns interested in 
the introduction and use of a particular apparatus. The 
engineer usually recommends the same apparatus, and its 
manufacturer recommends the engineer to clients. It is 
often held that the best engineers are subject to such affilia- 
tions, because the best are sought after and the absence of 
such affiliation is an indication of lack of capacity. This 1s 
not completely true, and there are many good men doing gen- 
eral work, though not nearly so large a proportion as of general 
practitioners in law or in medicine. The circumstance, how- 
ever, imposes upon those who are subject to such relations 
the obligation to be especially careful when advising chents to 
acquaint the client fully with the fact of such relation and 
to divest themselves at the moment of any influence which 
might bias their judgment. Their advice will then have the 
increased value due to their special knowledge and experience. 

Another fact which differentiates engineering from other 
classes of professional work 15 that study and work for a client 
takes the shape of drawings and data, which are usually re- 
garded as the property of the engineer and not of the client. 
Such records are often voluminous, and are an exact statement 
of the affairs of the client as far as they go. Obviously, the 
custodv of such matter involves important points in the rela- 
tion of the engineer and the client, and if misused the conse- 
quences to the client may be serious. Even when an engineer 
is on the simple basis of an emplovec, it is sometimes sug- 
gested that sketches and data, such as may be contained in 
note books, are his personal property. In this connection, the 
fact that nearly the entire work of the engineer is reduced to 
and is represented by drawings and figures as stated, gives the 
subject great importance. Perhaps here is the greatest differ- 
ence between the engineering and the other professions. There 
is no parallel in the so-called learned professions, and the client 
or patient, almost without exception, employs aid simply for 


1906.] WHEELER: ENGINEERING HONOR. 209 


experience and advice, and at no time does occasion arise 
for the reduction to a minute record of the preliminary or final 
results. In this respect moral responsibility devolves upon 
the engineer in greater degree than upon others. The point 
may well be illustrated in a more ordinary connection by con- 
sidering the possibility of a manufacturer, founder, or artisan, 
furnishing to strangers articles made from designs, drawings, 
or patterns, the property of others which happen to be in his 
possession. 

Professional relationship between the engineer and client in 
respect to its confidential nature and its inviolability is not 
thought to be like that of the physician or lawyer to client 
or patient, and is not so recognized by law. I believe the 
courts should so recognize it, and in any event the engineer 
should so regard it as applying to himself, and if anything 
should be even more scrupulous than the physician or lawver. In 
these days most engineering is done for corporations, but while 
corporations are ''artificial '" persons, they are nevertheless 
created by the state and therefore the state has the right to 
dissolve them, to examine their books, to ask questions, etc., 
—rights which the state does not possess in the case of individ- 
uals. While this difference between the legal rights of corpora- 
tions (which form the bulk of the clients of engineers) and the 
legal rights of individuals (who form all of the patients of 
doctors, all of the charges of clergymen, and many of the clients 
of lawyers), 15 not the cause of the difference in the legal status 
of the engineer’s confidential advice compared with the advice 
of the physician or lawyer, it 1s yet suggestive of 1t and throws 
light upon it. Therefore, engineers should be the more careful 
in regard to matters of confidence. 

To the engineer whose work 1s educational and whose clients 
are therefore his students, is given the opportunity to exercise 
at once the most direct influence for engineering honor, by his 
teaching. We may, therefore, expect that the profession will 
receive its greatest help from him. 


Tug ENGINEER'S DUTY TO THE PUBLIC. 


Is largely educational or instructive. If the public believes 
that engineering is a subject it is not fitted by talent or train- 
ing to deal with, whether it 15 justified or not in this belief, 
is not the engineer under the strongest obligation to guide 
it aright? When a man trusts vou, vou are bound to respect 
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the trust, or you will lose your standing. We all know that a 
mass of misleading, foolish, and sometimes deliberately decep- 
tive information on engineering or scientific subjects is given 
out, circulated, and published. All of this by its ultimate 
failure brings our occupation into disrepute. Мапу engineers, 
when asked, reply correctly, pointing out the misstatements 
and errors; but how many of us try to be good teachers? How 
many of us take care to see that the real facts, the ‘real situa- 
tion, the real need or the real possibilities are made plain to 
the layman? Take an ordinary case, such as the almost daily 
statement that someone has invented a new motor (not neces- 
sarily electric), so powerful that trains can be run a hundred 
or two hundred miles an hour by it. Assume that there are 
ten thousand engineers in the United States, I suppose that one 
thousand of these say each time the subject is brought to their 
attention, that it 1s absurd, that they don’t believe it, that it 
has been tried two or three times but never successfully, etc. 
How many of even the thousand do you suppose take enough in- 
terest in setting the public right, to spend enough time to say 
that travel at any such speed is entirely a question of roadbed and 
right-of-way, that it is easy enough to make motors of almost 
any kind having power enough to pull a car or train at these 
speeds but that practical roadbed conditions prohibit it, and 
that the most perfect track ever built 1s so irregular that the 
train would be liable to jump the track at such a speed. Those 
who give true educational explanations in form digestible by 
the laymen, do their duty to the public, and do it and their 
profession a service. It ought to be clear to every engineer, 
and it probablv is, that the more the public is enabled to under- 
stand the real facts, the more discriminating an audience it 
will become for the appreciation of really meritorious feats of 
engineering. At present I fear that in the public estimation, 
telegraphing to Marsis far ahead of getting the dry dock “Dewey” 
to Manila. When a man who is in a position to know, either as 
a result of training and education, or of Heaven-sent talents, 
is asked, by one who does not know, any question about engi- 
neering, phvsics, or the laws of nature, and he does not set 
that man right to the best of his abilitv, he is shirking his duty. 
Possibly he is assuming that he has a patent on some of the 
laws of nature, or a part interest. This view would not raise 
him in any ones estimation. 

Another example occurs to me. І have seen a man as а 
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witness in court, after qualifving as a patent expert, which means 
that he 15 officially clothed with authority as an engineer, and 
that he is there for the information of the court, spend hours 
and even days framing numerous answers to a single question, 
his sole object being to avoid, if possible, making a simple 
statement of the truth. The mistake, of course, is that the 
man confuses his duties and acts as an advocate, while the 
public understands that he is there as an engineer to make 
clear the facts. The result is well-known and gives rise to the 
sayirig, '' Liars,—-liars and patent experts." The example serves 
my purpose well in illustrating bv extremes what I mean when I 
say that it 15 the duty of an engineer to give the public the truest 
and simplest explanation of each engincering question when it 
comes up in his community, taking care to put it in such form 
as will be understood. 


THE ENGINEER'S Duty то His PROFESSIONAL SOCIETY. 


The other duties of the engineer I have placed before his 
duty to his professional society, because this latter relates to 
his solicitude for himself and his fellow engineers as distin- 
guished from his solicitude for his client and for the public. 
The principle of doing something, however, for “ vour crowd ” 
is so well established and recognized that it does not need full 
discussion here. I think even some animals act upon this 
principle. The institutions of crafts, societies, fraternities, 
guilds, and the like, is verv old, and the reasons for them are 
sound and well known. Yet there are those who pay no atten- 
tion to the official society representing the profession to which 
thev belong. Rare and peculiar birds. 

Unfortunately, some societies are at times not well run. The 
meetings are sometimes monotonous, owing to the presentation of 
matter which does not happen to relate particularly to or interest 
the members then present. The groups of men are not well bal- 
anced, some being older men with wide experience, while others 
are the beginners, and sometimes the meeting quarters are not 
comfortable. None of these thingsisan excuse. If the profession 
is young and poor, so are you. If you have prospered, you are 
a member of an important and successful profession, and then 
if the quarters are poor and the society not strong, it is your 
fault, because you have not contributed enough to make a 
society important in proportion to the position vou have at- 
tained by work in the sphere of activity which it represents, 
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There are many ways in which you can support, encourage, 
and contribute to the dignitv of your professional society, and 
vou can select those means which are most agreeable to vour 
own methods. Even the mere attitude of approval of the 
society is of great value. It is well to give your profession 
and the public to understand that you believe in your society 
and follow its recommendations and standards. ` 

A more commonplace but none the less positive reason for 
vour obligation to contribute to the support of your society, 
is that you are earning vour living out of the art which it rep- 
resents and which it is trying to dignify. Your obligation is 
therefore definite. It is also greatly to your interest that vour 
profession be made as important and its position before the world 
as commanding as possible; and it would not be right were vou 
to allow other professionals to bring about this result without 
your aid and then for vou to reap any benefit from it. 

In conclusion, I will mention what I believe to be the broadest 
and most important function of professional relations,—an 
engineer's standing or the way in which he is regarded by his 
contemporaries. <All the world recognizes that the best judg- 
ment of a workman is bv other workmen, of a woman bv other 
women, of a lawver bv other lawvers; likewise the best esti- 
mate of an engineer as a man and engineer is by the members 
of his own profession. 


APPENDIX. 
PROFESSIONAL ETHICS. 
References. 

MINISTRY.—The ministry of each denomination has its code of 
ethics. 

Usually found among the printed rules of church government. 

LAW. “I have not been able to find a formulated code for lawvers, 
but have been told there is a well defined body of ethical rules which 
every attorney must conform to at the peril of being disbarred. 

" In this country the series of lectures before the law class of the 
University of Pennsvlvania in 1854 by Judge George Sharswood has 
become standard. It is not given as a formal code, but is a masterly 
treatment of the subject. No one can read it without a profound im- 
pression of the dignitv, elevated standard of morality, devotion to the 
cause of truth and justice and the high sense of courtesy and loyalty 
to the profession with which the author deals with his subject." (From 
address of Mr. S. Whinerv, Dec. 15, 1802, Eng. News, v. 29, p. 76.] 

“ [t seems to be a fact that lawyers have no formulated code. Their 
rules of conduct are partly matters of tradition and partly interpreta- 
tion and construction by various authoritative bodies, and form a valu- 
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able mass of professional ethics, but they have not been codified and 
adopted by the great Bar Associations in the United States." {From 
Report of Board of Direction of A.S.C.E., May, 1902.] 

Abstract of article by Everett V. Abbott in the Harvard Law Review, 
Vol. 15, р. 714, 1901-2. Entitled ‘‘Some Actual Problems of Pro- 
fessional Ethics.” 

“Тһе books on professional ethics with all deference be it said, deal 
somewhat inadequately with their theme. They do not solve the prob- 
lems which, so far at least as my observation extends, most often pre- 
sent themselves for solution and the problems which they do discuss 
are treated with hardly sufficient care in analysis. The law schools 
usually ignore the subject and attorneys actively engaged in their pro- 
fession follow such a diversity of theory and practice that in many 
matters of considerable moment and frequency there can hardly be said 
to be even a custom. The natural result of their conditions is that there 
is no well defined professional standard to which attorneys can resort 
in cases of doubt and therefore each attorney meets the questions which 
come to him—and they come to all—with only such light as an un- 
trained instinct can supply. , The need of a reasoned theory of a law- 
yer's duty illustrated and made vivid by actual experiences, seems to 
me, therefore, to be not the least of many needs of the time. 

“The primeval fact * * * is that * * * the lawyer seldom if ever 
undertakes to bring about a definite result * * * *, but that * * * he 
does undertake to devote his best judgment to those matters which may 
be intrusted to him * * * his undertaking falls into that large class of 
contracts which import what is called a fiduciary obligation * * * 
Every fiduciary * * * should understand that when he allows his 
judgment to become impaired, he is not onlv committing a breach of 
contract, but he is committing a breach which involves * * * his per- 
sonal honor as a man who may be trusted. 

“The principal temptations which he meets * * * are legion and 
range from strong drink to adverse interests. * * * What are usually. 
regarded as crimes of fraud, mainlv consist not in deceit, but in the 
breach of fiduciary contracts through the surrender to adverse interests.” 

The author then considers at length the subject of rake-offs, rebates, 
preferential rates, etc., in their bearing on professional ethics, and goes 
on to sav: '' Out of all these considerations we may evolve a rule of 
thumb * * *. J} possible do not receive any compensation in your client's 
business, except from your client himself; but tf circumstances compel you 
to break this rule, tell your client what you receive.” 

* The significance of that second clause perhaps needs explanation. 
The lawyer is often tempted to think that after all it is none of his client's 
business how much he has received. When that happens, he may be 
sure of three things: he тау be sure, in the first place, that it is his client's 
business; he may be sure in the second place, that he is afraid to tell his 
client; and he may be sure in the third place, that he is engaged in the 
pleasing but futile process of self deception in trying to suppress a con- 
sciousness of unfaithfulness which will not be suppressed.” 

MEDICINE. “Тһе Principles of Medical Ethics of the American 
Medical Association.” 
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Adopted by the House of Delegates of the American Medical Asso- 
ciation in May, 1903. 

“ Report of committee at annual meeting of House of Delegates, the 
governing body of American Medical Association, in New Orleans, the 
week previous to May 17, 1903. 

“< То the President and Members of the House of Delegates: Your 
committee has given extended and careful thought to the proposed re- 
vision of the Code of Medical Ethics referred to it for consideration. 
As you will note on caption of report, the word '' code ” has been elim- 
inated and the expression '' The Principles of Medical Ethics of the 
American Medical Association " adopted as adequately descriptive. 

“< In reference to this change it is proper to sav that such action on 
its part is based on the idea that the American Medical Association may 
be conceived to occupy some such relation to the constituent State 
associations as the United States, through its Constitution, holds to the 
several States. The committee, for this reason, regards it as wiser 
to formulate the principles of medical ethics without definite reference 
to code or penalties, thus leaving the respective States, etc., to form 
such codes and establish such penalties as they may regard to be fitting 
and proper for regulating the professional conduct of their members; 
provided, of course, that in so doing there be no infringement of the 
established ethical principles of the association. The committee regards 
as wise and well intended to facilitate the business of the parent organiza- 
tion and promote its harmony this course, which leaves to the State Asso- 
ciation large discretional powers concerning membership and other 
admittedly State affairs.’ 

'" Your committee has retained to a large extent the phraseology of 
the existing code, while aiming at condensation of expression and a 
better understanding of some of its statements.” 

Signed. 
ABSTRACT OF REPORT: 
CHAPTER 1. 


DUTIES OF PHYSICIANS TO THEIR PATIENTS. 


1. Physicians must be ever ready, mindful of their high character 
and responsibilities. Never forget the comfort, health, and lives of 
those intrusted to their care. Must unite tenderness, cheerfulness and 
firmness. | 

2. Must treat patients with attention and humanity. Must observe 
secrecy and delicacy. 

3. The obligation of secrecy extends beyond the period of professional 
services. Private matters must never be divulged, except when ab- 
solutely required by the laws of the State. | 

4. Professional visits must be sufhciently frequent, апа regular, though 
not too frequent. | 

5. Must not be forward to make gloomy prognostications, but should 
not fail to give timely notice of danger, often through another person 
of good judgment. 

6. Physician should be a minister of hope and comfort. 

7. Must never abandon a patient because deemed incurable. 

&. Promote and strengthen the good resolutions of the patient. 
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CHAPTER II. 
DUTIES OF PHYSICIANS TO EACH OTHER AND TO PROFESSION AT LARGE. 


Article 1.—Duties for support of professional character. 

1. Every one entering the profession incurs obligations to uphold its 
dignity and honor. It is incompatible to designate ones practice as based 
on an exclusive dogma or sectarian system. 

2. Observe laws for government of members of the profession. Honor 
the fraternity, promote the science and art, and entertain due respect 
for seniors. 

3. Each one should identify himself with the organized body in the 
community where he lives. 

4. Local societies should affiliate with State and State with National. 

5. Purity of character and moral excellence are required. 

6. Be temperate in all things, prepared for emergencies. 

7. It is incompatible to resort to public advertisements or private 
cards inviting attention of persons afficted with particular diseases; to 
promise radical cures; publish cases in daily prints or suggest them to 
be made; to invite laymen to operations; to boast of cures; to adduce 
certificates of skill; or to employ any other methods of charlatans. 

8. It is derogatory to professional character to hold patients for 
instruments or medicines; accept rebates; assist unqualified persons to 
evade legal restrictions; to dispense or promote secret medicines; or to 
give certificates attesting efficacy of secret medicines. 

Article 2.—Professional services of physicians to each other. 

1. Physicians should not undertake treatment of themselves or fam- 
ily. Professional aid is always gratuitously offered. 

2. All physicians’ families are entitled to gratuitous services of other 
physicians near them. 

3. When summoned from a distance to attend a colleague, pay for 
expenses and loss of business should be offered. 

4. When more than one physician attends another, one takes charge 
of the case. 

5. It is sometimes necessary for a physician to withdraw from pro- 
fessional labor and appoint a colleague to act for a specified time. Com- 
pliance is an act of courtesy. It should be performed with consideration 
for the interest and character of the family physician. ' 

Article 3.—Duties of physicians in regard to consultation. 

1. Broadest dictates of humanity should be obeyed. 

2. Consultations should be promoted in difficult cases. 

3. Utmost punctuality should be observed. 

4. The physician who arrives first should wait a reasonable time, 
after which the consultation is to be postponed. 

5. No insincerity, rivalry, or envy should be indulged. 

6. No statement or discussion should be made before the patient or 
friends, except in presence of all the physicians. 

7. No decisions should restrain the attending physician from making 
subsequent changes in treatment as required by unexpected changes. 
But the reasons should be explained at the next conference. 

8. The attending physician may prescribe for the patient; not so 
the consultant, except in emergency. 
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9. All discussions are confidential. 

10. If two cannot agree, they should call a third. The consultant 
should not take charge of a case even on request of patient or friends, 
except in the rarest of cases. 

11. Physicians in consultation should observe regard for the character 
of the attending phvsicians. 

Article 4.—Duties of physicians in cases of interference. 

1. Physicians should found expectations of practice on character and 
extent of education. 

2. Physicians in intercourse with patient observe caution and reserve. 

3. The same should be observed when visiting a person under the 
care of another physician. Such visits should be avoided. 

4. Do not take charge of a patient recently under the care of another 
physician in the same illness, except in an emergencv. 

5. Do not make damaging insinuations about previous treatment bv 
another physician. 

6. When called in an urgent case. because family physician is not at 
hand, relinquish case on his arrival. 

7. In sudden cases, if several physicians are summoned, the first to 
arrive should take charge. but he should request call of family phvsi- 
cian, to whom the case is to be relinquished upon his arrival. 

8, 9, 10. In certain emergency cases, the first phvsician arriving re- 
ceives the fee. " 

Article 5.—Duifferences between physicians. 

1. Differences should be referred to a sufficient number of imparfial 
physicians. 

2. A peculiar reserve should be observed toward the public in regard 
to professional questions and differences, neither the subject matter 
nor the adjudication of the arbitrators being made public. 

Article 6.—Compensation. 

1. Gratuitous services are rendered in some cases. 

. Gives class of services alwavs to be charged for. 
. Local rules for minimum charges should be adopted. 

4. Pay no commission and accept none for recommendations for 
treatment, etc. 


e t 


CHAPTER III. 
DUTIES OF THE PROFESSION TO THE PUBLIC. 


1. Be vigilant for welfare of community, as good citizens, ready to 
give counsel to the public. 

2. Enlighten the public regarding quarantine regulations, hospitals, 
asylums, etc., measures in contagious diseases, etc., and in pestilence 
face the danger. 

3. Enhghten inquests and courts when called by the authorities. 
Compensation is just. 

4% Маке known wrongs committed by charlatans. 

5.4 Promote profession of pharmacy. 


The Medical Society of the State of New York voted to abandon its 
code of ethics. Its president states, “ It would mean more to the char- 
acter of the medical profession and would enhance the respect in which 
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it is held by the general public, if the specific rules of ethical conduct 
were obliterated from the By-Laws of the State Medical Society, and 
if the regulation of such matters were hereafter left to the judgment 
of individual practitioners influenced by professional opinion and by 
local custom.” 


ARCHITECTURE. Code of Ethics of the Boston Society of Archi- 
tecture. 

1. No member should enter into partnership in any form or degree 
with any builder, contractor, or manufacturer. 

2. A member having any ownership in any building material, device 
or invention, proposed to be used on work for which he is architect, 
should inform his employer of the fact of such ownership. 

3. No member should be a party to a building contract, except as 
' owner." 

4. No member should guarantee an estimate or contract by personal 
bond. 

5. It is unprofessional to offer drawings or other services ' оп ap- 
proval " and without adequate pecuniary compensation. 

6. It is unprofessional to advertise in any other way than by a notice 
giving name, address, profession, and office hours, and special branch 
(if such) of practice. 

7. It is unprofessional to make alterations of a building designed by 
another architect, within ten years of its completion, without ascertain- 
ing that the owner refuses to employ the original designer, or in the event 
of the property having changed hands, without due notice to the said 
designer. 

8. It is unprofessional to attempt to supplant an architect after defi- 
nite steps have been taken toward his employment. 

9. It is unprofessional for a member to criticise in the public prints 
the professional conduct or work of another architect, except over his 
own name or under the authority of a professional journal. 

10. It is unprofessional to furnish designs in competition for private 
work or for public work, unless for proper compensation, and unless a 
competent professional adviser is employed to draw up the '' conditions °’ 
and assist in the award. 

11. No member should submit drawings except as an original contribu- 
tor in any duly instituted competition, or attempt to secure any work 
for which such a competition remains undecided. 

12. The American Institute of Architects ''schedule of charges ” 
represents minimum rates for full, faithful and competent service. It 
is the duty of every architect to charge higher rates whenever the de- 
mand for his services will justify the increase, rather than accept work 
which he cannot give proper personal attention to. 

13. No member should compete in amount of commission, or offer 
to work for less than another, in order to secure work. 

14. It is unprofessional to enter into competition with or to consult 
with an architect who has been dishonorably expelled from the Institute 
or Societ y. 

15. The assumption of the title of ' architect " should be held to 
mean that the bearer has the professional knowledge and natural ability 
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needed for the proper invention, illustration, and supervision of all 
building operations, which he тау undertake. 

16. A member should so conduct his practice as to forward the cause 
of professional education and render all possible help to juniors, drafts- 
men, and students. 


ENGINEERING. 

1871. August. К. P. Rothwell, '' Professional Morality.” Paper pre- 
sented at the Bethlehem meeting of the American Institute of Mining 
Engineers. 

Not found in Transactions. Printed in an early volume of the En- 
gineering and Mining Journal. 

1886. February. Jf. C. Bayles, '' Professional Ethics.” 

Presidential address American Institute Mining Engineers, Transac- 
tions, vol. 14, p. 609. 

Abstracted: 

“ * * * He does not need to be reminded that he cannot sell his 
independence nor make merchandise of his good name. But, as delicate 
problems in casuistry may mislead or confuse him, it is to be regretted 
that so little effort has been made to formulate a code of professional 
ethics which would help to right decisions those who cannot reach them 
unaided. * * * 

" An ever present stumbling block * * * is * * * 'the customary 
commission’ * * * Why do manufacturers pay commissions? Is it 
probable * * * thev give something for nothing? Is it not cer- 
tain * * * they are seeking * * * to warp his judgment and make 
him their agent? 

'" Gentlemen, it is not true that custom sanctions the acceptance of 
commissions by engineers. It is incompatible with a standard of 
professional honor to which every engineer should seek to conform. * * * 

'" * * * [ characterize as unprofessional the framing of specifications 
calling for patented or controlled specialties, when to deceive the client, 
bids are invited. * * * There is nothing unprofessional in recommending 
a patented article * * * but he will do it openly. * * * 

“ In the relation of engineers to contractors there is many a pitfall 
* * * Frequently the engineer has all he can do to hold the contractor 
to a faithful performance * * *. It often happens that the engineer, 
defeated and discouraged, gives up in the unequal battle. From that 
moment he is of no further use as an engineer, and if he remains for an 
hour in responsible charge of work he cannot control, he rates his fee 
as more desirable than a reputation unsullied * * *. 

"In making reports for contingent fees * * * the voung engineer 
needs to exercise great discretion * * * takes a fearful risk, however 
honest he may be * * *, Contingent fees are a delusion and a snare 
and in making it a rule to refuse them, the voung engineer will be likely 
to gain more than he loses. 

" Reports * * * upon subjects concerning which the engineer knows 
himself unqualified * * * are * * * charlatanrv. 

“Of a professional reputation dependent upon the accuracy as well 
as the honesty of reports ordered and used for speculative purposes, one 
may sav, as a marine underwriter said, * * * ‘he wouldn't insure her 
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against sinking between Castle Garden and Sandy Hook with a cargo of 
shavings.' 

'" In the matter of expert service in the courts * * * the conscientious 
engineer has no right to appear as a partisan of anything except * * * 
the truth. 

'" How far an engineer can properly use for his own advantage informa- 
tion gained in the discharge of duties of a confidential nature, is a question 
at once delicate and difficult. He cannot help knowing * * * and his 
knowledge is his capital * * *, 

“The manager who advises his brokers by telegraph and his prin- 
cipals by mail, cannot * * * have * * * delicate sense of right and 
wrong. 

'" Та professional criticism of professional work it is easy to fall into 
ways which are wrong * * *. I regard as unprotessional every effort 
to discredit honest and intelligent work, and every form of disguised 
advertising * * *. ; 

“There are certain broad ethical principles * * *. One is that a 
man cannot serve two masters * * *, Another is, that * * * if the 
intent to deceive is there, he lies. 

'" Professional ethics are no different from the ethics of the decalogue. 
But * * * I do not know that any engineer can make for himself a 
creditable and satisfactory career, of whom it cannot be said that * * * 
he has held his professional honor above suspicion.” 

1886. Мау. M. Е. Durfee, '' Ethics of Engineering." In discussion of 
paper '" The Training of a Dynamic Engineer" Read before A.S.M.E. 
Points considered: ° 

1. Duty of Assistant to Chief. 

2. Relations and Duties of Engineers to each other. 

3. Duty to Employer. 

4. Duty of Profession to Society at large. 

a. Be loval. 

b. Do as you would be done by. 

c. Be honest and zealous. 

d. Secure confidence of public. 

e. Protect society from pretenders. 

1891-1892. Austin Dam Case. 

In the Austin Dam Case a code of engineering ethics would have been 
of great value. This relates to the building of the large storage dam 
and reservoir at Austin, Texas. The engineer appointed on the job was 
continually over-ridden by the mayor of the city. His designs were 
changed and his work interfered with. Without consulting him, another 
engineer was engaged to report on the work and this second engineer 
was finally put in charge of the work over his head. 

This seems to have made quite a stir among the civil engineers fourteen 
years ago. 

1892, November 10. Engineering News Editorial. 

“ In every professional act the consulting engineer owes a duty to 
three persons: lst, to himself and to his own reputation; 2d, to his client 
or employer, to give him the full benefit of all the knowledge and judg- 
ment he has; 3d, to his fellow engineers, and especially to any engineer 
directly affected by his acts.” 
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Editorial states that a code of ethics is a matter of slow growth, a 
gradual general acceptance of rules of conduct that have been more or 
less traditional and that “the only aim of such a code is to establish 
equity and courtesy between the different members of the same profes- 
sion, and whoever distinctly violates equity and courtesy in his treat- 
ment of a fellow engineer, violates—if not an already established code, 
as we believe he does—at least what will be the code when there is one, 
and what every engineer should seek to establish.”’ 

This editorial defines two principles of a code of ethics as follows: 

'* J. It should be considered unprofessional and dishonorable for any 
engineer to accept a call in consultation for any work, which is already 
in charge of an engineer, except the call come from or through such engineer 
in charge. Engagements tendered from principals should be considered 
as accepted only when there is no engineer already in charge of the work. 

' 2. It should be considered unprofessional and dishonorable for any 
engineer to report upon such work which is already in charge of an 
engineer, except to such engineer in charge. Reports to principals direct 
should onlv be made when there is no engineer in charge; nor then, when 
there has been an engineer in charge whose professional acts are im- 
peached in such report, without prior tender of a copv of such parts of 
the report as may personally concern him, for his perusal and response.” 

1892. December. J. B. Johnson, '' The Birth of a Profession." 

Presidential address, Engineers’ Club, St. Louis. Journal of the Asso- 
ciation of Engineering Societies, Vol. 12, p. 78. 

Abstract: 

“In short, I would sav that a vocation only becomes a profession 
when an acceptable performance of its duties demands the continuous 
exercise of scholarly attainments * * *, 

"In analyzing the status of the engineering profession in America, 
therefore, I conceive that we mav divide the embarrassments under 
which we labor into two classes; those conditions outside our ranks and 
those inside. The most embarrassing external conditions are: 

“1. The universal confusion on the part of the general public as be- 
tween a surveyor * * * or * * * a mechanic * * Ж or а superin- 
tendent * * * and an * * * engineer. 

“ 2. The confidence that all our capitalists have in their own judgment 
on all kinds of engineering questions * * *, 

“ The chief embarrassments from within * * * are * * Ж 

“1. Too low an idea of professional accomplishments * Ж *, 

' 2. The failure heretofore to give due weight to both theory and 
practice * * *, 

'" From this showing ж * * it is evident that the engineering profes- 
sion in America is in a state of rapid development * ж *. 

“ Out of this there soon must grow a high standard of professional 
etiquette and ethics * * * and with these will come that recognition 
from the community * * * which every man * * * hopes to attain 
* ok ok n 

1892. December. S. Whinery, '' Ethics of Civil Engineering." 

Address Cincinnati Engineers’ Club. Engineering News, January 26, 
1893. 
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Abstract: 

In the earlier days of every craft or profession, the feeling between 
individuals is jealousy and rivalry. In time this gives way to tolerance, 
then to meeting for protection of common interests and so to mutual 
respect and professional brotherhood. 

Careful regard for rights and privileges of others, and decision of 
questions as they arise, causes accumulation of set of rules. 

These rules may properly be termed '' Professional Ethics." 

Older professions have such codes. whether reduced to writing or not. 

Engineering a new profession, recently crystalized from occupa- 
tions and crafts. This short life cause of absence of code. Time is re- 
quired to develop the necessity for it, and experience to determine what 
rules should govern. 

A correct code of ethics must be founded on the decalogue and 
along lines of universal system of morals. 

Following the code of medical ethics, it is convenient to divide the 
subject into heads. 

1. Duty of engineer to his profession. 

2. Relation to his professional brethren. 

3. Duty to his clients or employers. 

4. Duty to public. 

5. Duty to himself. 

Quotes from code of medical ethics applving it almost literally. 

1. Every engineer owes it as first duty to be, to say the least, above 
suspicion. Owes it to add to professional store of knowledge; should 
esteem it a duty to make public new data and experience. 

A prevalent feeling exists against ‘‘rushing into print." But in 
this matter a golden mean exists. 

Engineers should not only conform to strict morality but avoid 
minor offences against proprieties, as advertising by more than pro- 
fessional card, by boasting, etc., but may give professional titles and 
degrees and names of scientific societies. 

Should found expectations of practice on qualifications, not on 
intrigue or artifice. 

In medical profession it is considered unprofessional to hold a patent. 
Some prominent civil engineers have taken the same position. Perhaps 
engineers should contribute such inventions as relate to improvements, 
whose value is confined to members of the profession, but it is not clear 
why the public at large is entitled to free use. 

Unprofessional to accept commissions, presents from contractors, etc. 

Should not undertake engagements they are not competent to 
fulfil with honor. 

Unprofessional to speak disparagingly of fellow engineers, indulge 
in rivalries, express hasty opinions, volunteer advice where not solicited, 
to criticise adversely in public 

2. Who are his professional brethren? No formal standards, as in 
law or medicine, exist. 

Professional courtesy is claimed by every quack. Where shall the 
line be drawn? Each must judge for himself. No difficulty in case of 
great majorit y. 
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When a case of unmistakable charlatanry is met, it should be exposed. 

Must refuse to consult with quacks, but must discriminate between 
mere lack of judgment or experience and the violation of known prin- 
ciples. | 

Want of respect shown by the public is due to the same between 
members; therefore duty is to show highest respect and courtesy. 

Consultations between engineers should be subject to rules of eti- 
quette as in the medical profession. 

3. Two classes of engagements—on salary, under direction of another 
engineer,—on fees reporting to officers of corporations. 

Duty is to devote himself to interest of clients. Personal affairs must 
not stand in the way. Only exception is when demands or interests 
of client conflict with sense of right and wrong. Even this is not allowed 
in law; but it is impossible to take that stand in engineering. Must give 
the truth, the whole truth, and nothing but the truth in reports on prop- 
erty, etc. 

After a professional engagement may an engineer accept another 
engagement that may be inimical to former client? No principle in law 
is more firmly established than that a lawyer may accept cases where 
he may oppose former client, but must not make use of confidential in- 
formation obtained in former connections. 

To what extent do facts and results acquired belong to client, and 
to what to engineer? 

All original notes, maps, plans, etc., and final result and report belong 
to client who pays for the work, but engineer may retain copies as part 
of his stock of knowledge; but it is not honorable to use such facts to 
oppose business of former client. 

No understanding as to proper minimum fees. Doctors and architects 
have one. Need for concerted action. Should be agreement in any 
locality. 

Should not openly solicit preference and bid against each other. Hu- 
miliating in extreme. 

In no other profession are members so inadequately paid; due to 
competing and bidding against each other. Special knowledge should 
commend special compensation. 

Assistants should be loval and faithful, carry out instructions and 
report on progress to chief, and treat information as confidential. Avoid 
adverse criticism of superiors to outsiders. 

4. Owes to public best services as a citizen. Quote Code of Medical 
Ethics. 

5. Owes it to himself to make best of abilities and opportunities, to 
defend professional character and rights. 

Should not be a tool of unscrupulous men nor be saddled wath their 
blunders or misdeeds. 

Should not neglect personal business interests. Seek honest com- 
petency. А | 

No adequate foundation for delicacy about taking advantage of busi- 
ness opportunities met. May engage in any honorable enterprise, that 
does not interfere with interests of employer, will not tnjiuence professional 
action in reference to employer or occupy employer's time. 
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Should be more than an engineer, needs every kind of knowledge oe 
culture that can be obtained. 

1893. March. Boston Society of Civil Engineers. '' The Relation of 
the Engineer to those with whom he comes in professional contact." 

Journal of the Association of Engineering Societies, vol. 12, p. 437. 

Several short papers on the following subjects: 

" The Relation of the Engineer to his Brother Engineer." Compares 
medical code. Mentions strife to secure work, jealousv of others' success. 
Ungentlemanly treatment of subordinates. 

"The Relation of the Engineer to the Public." Considers necessity 
of high public standing. 

“ Relation of the Engineer to the Public and to the Press." Engineer 
should be a leader of public opinion. 

‘‘ Engineer in Relation to his Clients.’ Claims position of engineer 
is not what it ought to be. Engineering Societies should take action 
regarding public matters. 

" Relation of Engineer to his Assistants or Subordinates." Help- 
fulness to assistants and subordinates. Personal interest. Bring them 
in closer contact with mind of chief. Give full credit for work. 

“ Engineer as an Expert Witness." Profession often brought in dis- 
repute by two engineers controverting each other's testimony.  Engi- 
neer should not sell his reputation for a fee. 

x: Influence of his Profession upon the Social Relations of the Engi- 
neer." Engineer must be honest, helpful, etc. 

1893. June. 

A resolution was presented to the A.S.C.E. for the appointment of a 
committee, “to collect information and to consider the propriety of 
the adoption by the Society of a code of ethics for the profession and to 
make such other recommendation as the committee thinks proper.” 

1895. October. J. Vander Hout, '' Field-notes of a Civil Engineer. 
Do they belong to his client or to himself? ” 

Address Engineers’ Society Western New York. Journal Association 
Engineering Societies, vol. 23, p. 32. 

Abstract: 

Divides into classes. 

1. Engineer paid for all he does. 

2. Engineer paid only for result of work. 

First-class. 

l-a Engineer receives a salary. 

l-b Engineer has a general practice and charges for his time. 

In either l-a or 1-b, decided that all his work, notes, and results of 
his work belong to employer or client, and engineer has no legal right 
to make copies for his own use without permission. Custom, however, 
permits him to make copies, but he should not later use either these 
copies, or any knowledge gained, to detriment of former client. 

In second class, where an engineer is doing piece work, original notes 
certainly belong to engineer, but his work cannot be considered com- 
plete unless, from the report he makes, another engineer could duplicate 
his results or relocate his work. Unless his report is detailed, copies of all 
notes, etc., should therefore be delivered to client. 
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1896. January. J. S. Keerl, '" The Standing of Engineering among 
the Professions.” 

Address Montana Society of Civil Engineers. Journal of the Associa- 
tion of Engineering Societies, vol. 16, p. 71. 

Abstract: 

“ There is another calling, a profession not nearly so old, in fact an 
infant in view of the antiquity which surrounds the history of those 
above mentioned (law and medicine) * * * a profession which many 
savants have pronounced the only one which does not live by the con- 
tentions, miseries and distresses of humanity * * * the engineering 
profession * * *, 

‘‘ While, as engineers, we have no fear of the results from a comparison 
of our achievements with those of other professions, yet, as one who 
has served something like twenty years in the varied branches of engi- 
neering, I would ask whether we have secured from the public that full 
recognition and emolument, which the importance of our profession 
would seem to justly demand * * *. 

“From mv standpoint, I fail to see any reason why the engineers of 
our day * * * should not be fully recognized in public affairs, and 
especially upon those Government and State Commissions where their 
special training and knowledge would be of great service to the public.” 

1896. February. “Code of Engineering Ethics," adopted by the 
Canadian Society of Civil Engineers. 

Duty of the Engincer to his client. 

1. Every member of the Society should perform the work he under- 
takes to do to the best of his ability and in the true spirit of his engage- 
ment, feeling it to be his duty to present all ascertained facts in their 
true light. . 

The Client's Obligation to the Adviser. 

2. The Civil Engineer has a right to expect from his client the same 
consideration and deference to his opinion, as is bv their clients ac- 
corded to the members of other professions, —law and medicine for ex- 
ample—and without which the adviser should decline to advise. The 
surest wav for the engineer to obtain such necessary consideration and 
deference from the public, will be found in his manner of carrying himself. 

Mutual Relations of Chief and Assistant. 

3. The assistant engineer must lovallv obey and support his chief, to 
whom it will be his duty to report directly on all matters relating to the 
work on which they may be jointly engaged. His report should be full 
and explicit on all important points and exact as to the best of the as- 
sistant's knowledge and belief, cloaking nothing, even though going to 
show that previous reports had been inaccurate or not duly weighed in 
some particulars affecting the well-being of the business in hand. 

4. The assistant engineer is entitled to look to his chief for and to 
receive from him advice for his guidance in the proper performance 
of his duties and, where right, to expect his support in matters of dispute 
between him (the assistant) and his subordinates or between him and 
the contractors working under him. He is also entitled to the aid of 
the chief engineer's professional experience or counsel where unlooked 
for or extraordinary ditficulties present themselves or changes of original 
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plan may be called for in the work on which they are associated, so that 
responsibility may be fairly apportioned between them. : 

5. It is the duty of both chief and assistant, each in his department, 
to study economy in the doing of the work, the management of which 
they have undertaken, and in every way consistent with the maintenance 
of the good character of the work to make the client’s interest the guiding 
object. : 

6. The engineer may legitimately suggest experiments with a view to 
improvement, whether in methods of doing the work which he oversees, 
or for raising its character, but such experiments should only be under- 
taken with the full consent of the party, whether client or contractor, 
on whom the expense may fall, and on the understanding that to them 
will occur all pecuniary benefit from the success of the experiment. 

7. It shall be considered unprofessional for anv member of this So- 
ciety to seek the position of an expert to report on any work that is in 
charge of a recognized engineer. 

8. It shall be the duty of any engineers before examining any work 
with a view to report thereon, to give the engineer due notice before 
going on with the investigation, in order that he may have every facility 
to explain and sustain his methods of carrying on the work in question. 

Professional Services of Engineers to each other. 

9. Interchange of professional assistance between members, as tending 
to promote fraternal intercourse and mutual good will, is not to be 
discouraged, but neither is it to be considered obligatorv on a member 
to respond to the request of a fellow member for professional counsel 
or assistance. Service so rendered must be entirely voluntary on the 
part of the member whose aid is sought. 

Pecuniary Matters, Advertising, etc. 

10. The Civil Engineer may consistently with professional status 
take out patents for new inventions or for improvements on old ones 
and may sell or otherwise dispose of the patents for his own advantage. 
He may undertake the survey and the engineering of works by contract 
or he may contract for the construction of works on a percentage of their 
cost. Advertising with a view .to attracting business should, where 
resorted to, be as far as possible free from egotistic or self laudatory 
references and expressed in language not derogatory to the dignity of 
the profession. 

Duties of the Civil Engineer to the Public. 

11. The Civil Engineer whose advice is sought in respect to the use- 
fulness, practicability and cost of a work should, before expressing his 
opinion, obtain reliable information on all points involved in the matter 
submitted to his judgment, including the probable paving capacity of 
the contemplated undertaking. He must be cautious how he recom- 
mends large preliminary outlay, should avoid connecting himself with 
schemes or projects of merely speculative character, always bearing in 
mind that his professional reputation will be to a great extent judged 
by the inherent worth and commercial value of the undertaking with 
which his name may come to be associated. 

1901. September. James Owen, “ Is it Unprofessional for an Engineer 
to be a Patentee? " 
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Discussion on another paper Transactions A.S.C.E., p. 479. 

In Mr. Owen's opinion it is entirely unprofessional for a Civil Engi- 
neer to get any patent on any work which he has constructed. 

1901. December. A.S.C.E. Topical Discussion. 

'" Do the interests of the profession, and the duty of its members to 
the public, require that only those who are competent be allowed to prac- 
tice as civil engineers? 

“Under what authority, through what agency, and upon what evi- 
dence of competency, should applicants be admitted to the practice of 
Civil Engineering? ” 

Quotations from discussion: 

" In this country the great profession of Engineering in its several 
branches, is alone in being open to the pretender and the quack.” 

“ From the nature of our Government it is impossible to secure national 
action in the matter, and the several State Legislatures alone must be 
looked to for the necessary legislation.” 

Enactments in the several States should be as nearly uniform as 
possible. 

Suggests 1st—Defining term '' Civil Engineer.” 

2d—State Board of Examiners. 
3d— Licenses of three classes. 

Ist class—Long experience and marked ability. 

2d class— Intermediate. 

За class—Technical graduates, little experience. 

4th—No one practice without a license. 

Law should not apply to Engineer Corps of U. S. Army or to Civil 

Engineers of U. S. Navy, when on government work. 
oth— Board revoke licenses for good cause or degrade in class. 

Opposes having A.S.C.E. represented in any way. 

Others disapproved State action. All approved that incompetent 
persons should in some way be disbarred, or that the State merely cer- 
tify, not license. National Government could do this also. 

1902. April. А. R. Eldridge, ‘‘ Is it Unprofessional for an Engineer 
to be a Patentee? ” 

Paper, A.S.C.E. Transactions, vol. 48, p. 314. 

9. Whinery in discussion says in abstract no valid reason can exist 
for denying engineer right to patent inventions that have no connection 
with his profession. * * * Public at large has no legal or moral claim 
because of his vocation * * * Duty as citizen is discharged when he 
pays his taxes. * * * Inventions are personal property of the inventor. 

' What claim has profession on inventions of members? No legal right 
or moral right? But it * * * has claims not less real because some- 
what difficult to define. Embraced in general term, '' Professional 
Ethics." May assume products of engineers’ brain are as much his per- 
sonal property as products of his hands * * *, 

Inventions relating to profession may be divided into two classes: 
Ist, those relating to engineer’s workshop, instruments, etc. Open 
question whether use should not be free to all. In medical profession 
it is distinctly improper to patent these. 2d class, inventions that con- 
fer no special benefit on profession. Не is entitled to patent these and 
receive compensation. 
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Impression that in medical profession it is unprofessional to take out 
a patent of any kind. Not so. Only patents on instruments and medi- 
cines are barred. 

What claim has client on engineer's inventions? Ist case: Where in- 
vention is made in client's employ, legal status will settle. ''A " takes 
out patent in “‘ B's" employ. “В” entitled to free use in his business, 
but no other claim on it. “А ” may sell it to any other persons in 
whole or part. 2d case: Where engineer made invention before entering 
employ of client. Should not use it, royaltv or no royalty, without 
permission of client. 

The writer believes that the time has come when the profession should 
take a positive and unmistakable action on this question of the right 
of the engineer, not only to invent, but to protect his invention in the 
way the law has provided. 

1902. Mav. Report of Board of Direction A.S.C.E. 

The resolution of June 1893 for appointment of a committee, '' To 
collect information and to consider the propriety of the adoption by 
the Society of a code of ethics for the profession and to make Suen other 
recommendation as the committee thinks proper.’ 

Transactions A.S.C.E., vol. 49, p. 45. 

Abstract of Report of Committee: 
Arguments in favor. 

1. The resolution is for appointment of special committee, etc. Does 
not commit the Society. There should be no objection to the appoint- 
ment of such committee to consider the question. 

2. The evident difference of opinion among engineers as to the neces- 
sity for a code of ethics, is a good reason why committee should be ap- 
pointed to consider the matter. 

3. There is some question as to whether civil engineering may prop- 
erly be called a profession. The Century Dictionary’s definition of 
“ profession ’’ is quoted. This definition seems very clearly to apply to 
the actual facts of the practice of civil engineering. 

4. Rules do exist which govern relations to each other and to the 
public, of men following other professions, not only to the ‘‘ old pro- 
fessions,’’ but to such vocations as dealing in stocks and produce. 

5. Will not the character of civil engineering and the relations of 
members to themselves and to the public be improved by a code of 
ethics? 

4. It seems to be a fact that civil engineers do in some instances per- 
mit themselves to act in ways which in other professions would be con- 
sidered unprofessional and improper. 

7. Lack of rules affords excuses for such conduct. 

8. The fact that many engineers are in salaried positions should be 
an argument for appointment of such a committee. Those who require 
the services of an engineer are apt to base their estimate on the standing 
which the engineer himself takes. 


Arguments against. 


1. It may just as well be asserted that the other great professions 
are great in spite of codes, not because of them. 
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2. It seems to be a fact that lawvers have no formulated code. Their 
rules of conduct are partly matters of tradition and partly interpretation 
and construction by various authoritative bodies, but not codified and 
adopted by the great Bar Associations of the United States. 

3. The Medical Society of the State of New York has voted to abandon 
its code of ethics. Its president states, ‘‘ It would mean more to the 
character of the medical profession and would enhance the respect in 
which it is held by the general public, if the specific rules of ethical 
conduct were obliterated from the By-Laws of the State Medical So- 
ciety, and if the regulation of such matters were hereafter left to the 
judgment of individual practitioners influenced by professional opinion 
and by local custom. 

4. It is believed that architects are also without a formulated and 
accepted code. 

5. Rules governing stock and produce exchanges are not analogous. 
It is impossible to frame a code to cover all cases. It would be too 
complicated and minute to administer. It must therefore be a statement 
of general principles, but these have been made by moral teachers since 
society began. 

6. A strict code would restrain those who need no restraint and would 
not be a guide to the unprincipled. 

7. An engineer may be deterred by timid adherence to the code from 
doing his real duty to his chent or himself. 

A long discussion followed this report. 

In this discussion the following points came up: 

1. To what extent and in what ways may an engineer advertise his 
services? 

2. Under what circumstances is he to own and control patents con- 
sistent with strictly professional practice? 

3. What general practice should govern the condition of consulting 
engineers toward other engineers engaged upon work? 

4. Under what circumstances should an engineer pass judgment on 
the work of his professional brethren? 

5. To what extent should the circumstances of an engineer's private 
life be allowed to interfere with his professional standing? 

6. Is it practicable or advisable that the Society should attempt to 
expose quacks? 

7. What acts, if any, should make an engineer liable to the censure 
of the Societ y? | 

The motion to adopt the resolution, being put to vote, was lost. 

1902. August. Robert Moore, ‘‘ The Engineers of the Twentieth Cen- 
tury.” 

A.S.C.E. Transactions, vol. 48 (closing paragraphs). 

““ Апа it is, I think, safe to say that for the kindling of professional 
enthusiasm, and the establishment of high professional standards, the 
Society and its members will continue to relv, as they have done in the 
past, upon these vital and moral forces, and not upon the enactment of 
codes or upon any form of legislation. 

‘Indeed, anything which savers of compulsion is to be deprecated 
as not comporting with the dignity of a body of men chosen, like our 
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own, upon a basis of education and approved character. We may 
safely trust such men to the guidance of their own sense of fitness and 
right and to the contagion of noble example. 

‘* Moreover, апу code that can be framed is certain to be antiquated 
to-morrow. 

‘* As expressions of individual opinion and suggestions for the guidance 
of others, such rules may be of great value, but as official codes to com- 
pel compliance and take the place of individual conscience, they will 
be harmful rather than helpful. 

" But, animated bv the inspiration of example, personal contact, 
and friendship, hardly any limit can be set to the effect of our Society in 
lifting our profession to the highest plane of real service and honors 
well deserved.” 

1905. August. F. C. Osborne, '' Engineering Ethics and Fees." 

Paper read before Engineers’ Club of Cleveland. Journal of the 
Association of Engineering Societies, vol. 35, No. 2. 

Abstract: 

Question of fees for engineers has not received the attention it de- 
serves. 

A complete schedule hard to arrive at; but for certain classes of work, 
a fee based on a percentage of the cost of the construction seems prac- 
ticable and equitable. The architects have had for years such a system, 
and it has grown to be recognized by the public and the courts. A 
few engineers have adopted the architects' schedule, and if more of them 
would do so, the result would be of advantage to all concerned. 

When a large proportion of complicated mechanical work is involved, 
the usual amount of the fee, viz., 5%, is hardly sufficient. In fact in 
many cases a fee of 10% is not too much to cover complete plans, speci- 
fications, and superintendence. . 
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COMPARISON OF TWO- AND THREE-PHASE MOTORS. 


BY BRADLEY MCCORMICK. 


In the manufacture of induction motors considerations of 
cost make it advisable to build both two- and three-phase 
motors on the same size of frame. The questions then arise, 
given two similar frames without windings, how shall the two- 
and three-phase windings differ in order to secure proper opera- 
tion? What will be the comparative losses if both machines, 
are given the same rating, or, if not rated the same, how shall 
their ratings differ? 

The answer to these questions involves a comparison of the 
following factors in two- and three-phase machines: 

1. Distribution factor, which takes into account the effect 
on the voltage of distributing the windings into a number of 
slots. ; | 

2. Flux-variation factor, which shows how nearly the field 
conforms to the perfect sinusoidal revolving field. 

3. Current density in rotor and stator. 

4. Leakage factor. 


DISTRIBUTION FACTOR. 


Suppose the conductors are wound in four slots per phase per 
pole and let the four equal pressures O A, OB, OC, and OD, 
each a degrees behind the other, represent the pressure gen- 
erated in each slot (see Fig. 1). Complete the polygon of 
electromotive forces, and О D” is the resultant pressure. Now, 
evidently the polygons OA B’ C’ D’ and ABC D E are sim- 
ilar. The pressure, if all the coils were concentrated in one 
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slot; would be ОА+ОВ+0С+0 Р instead of OD’ so we 
may write, 


ор, А Е АЕ 


OA+OB+O0C+O0D AB+BC+CD+DE bP 


"— 


K = 


_2Vsintab_ sintab 
© 2Vosnta bsinka« 
where К = the distribution factor 

V = the pressure generated per slot 

b = number of slots per phase per pole. 
when b becomes infinite, b p becomes arc A E and 


p- sng < AOE 
EB a АОЕ 
BUS 360 
Table 1 shows the values of distribution factor for various 
cases. | 


TABLE I. 
Slots per phase Three-phase. Two-phase. 

per pole 

1 1. 1. 

2 0. 966 0.924 

3 0.960 0.911 

4 0.95% 0.906 

5 0.957 0.904 

6 0.956 0.903 
Infinity. 0.055 0.901 


Let E — volts across lines 

Ф = flux per pole 
— frequency in cycles per second 
conductors per phase per pole = bs 
— slots per phase per pole 
conductors per slot 
distribution factor 
number of poles 
number of phases 
The flux is given by the relation 

105 E | 10% E 


Te on ps EQ lg 


ZS Mm че.) 
| 
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Compare now a two- and a three-phase machine having 12 
slots per pole, and suppose that the three-phase machine is 
Y connected. Inthe two-phase machine b = 6 and in the three- 
phase machine b = 4. We then have the following: 


two-phase three-phase 
6 gs’ = — — 10° E — 4 oS CN s DNE 
2.22 p ~ Ф .903 М3 2.22 p ~ Ф 0.958 
ed RN оор 
$ 6 0.903 


So that for the same flux a two-phase machine should have 22.5 
per cent. more conductors per slot than a three-phase Y-con- 
nected machine. 


FLUX VARIATION FACTOR. 


Suppose we have a winding with n phases and a conductors 
per phase per pole. The current distribution along the winding 
at all points follows the sine law, so that if a and и are large 
we may represent the instantaneous value of current by the 
smooth curve shown in Fig. 2. Consider now a group of con- 
ductors in which the currents all flow in the same direction, 
for example those designated by the (+) plus sign. The 
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magnetomotive force at any point, such as B B, is the difference 
between the ampere conductors to the right and those to the 
left of B B, but in the same group. This fact defines the curve 
of magnetomotive force whose ordinates are in ampere-turns 
per pair of poles. At AA the magnetomotive force will be 
that due to all the an conductors in the group to the right, 
that is, an times the average value of current in the group 


an (rvz x =) = 0.9anlI 


This is the ideal value (expressed in ampere-turns per pair 
‘of poles) of magnetomotive force at the maximum point in the 


wave of magnetomotive force. All polyphase revolving 
fields approach more or less this maximum value, the agreement 
being closer and closer as a and и approach infinity. 

In all cases which are met in practice, the maximum magneto- 
motive force should be expressed as 0.9 K’an I, where Ж” is 
the variation factor to which reference has already been made. 
By plotting the magnetomotive-force curve for several actual 
cases, it is possible to obtain the law of field variation from 
which the values of K^ may be easily calculated for all cases. 

Fig. 3a shows an irregular curve obtained from a three-phase 
winding with 6 slots per pole per phase at the point when the 
current in the first and third phases equals half the current 
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Е THREE PHASE - 6 SLOTS PER POLE PER PHASE. 


A.S (17 9 15.133 -1(1 $+ 3454749411) I 
АМ: 


OOOO0OO000000000000000000000000 
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THREE PHASE - 6 SLOTS PER POLE PER PHASE. 


Area9 1.722 (172 = Gr 13+ 1-94 7) 121 


1 2 
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THREE PAASE -5 SLOTS PER POLE PER PAASE. 


Areaml (15494 7 5 +SEE) + 2(13 + Ш) = 
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in the second phase. Fig. 3b shows the shape of the curve 30 
degrees later when the third phase is zero. It will be noticed 
that there is considerable variation between the maximum 
ordinates, although the areas differ but slightlv 

The area of the curve in Fig. 3a is, 


| 4 = 2 (17415413) + (143454749411) = 126 
and the area of the curve in Fig. 3b-is 


В = 1.73 (174+15+13+114947) = 124.5 


A+B _ 
ә == 


ыі 


125.25 


The average area 15 


Replacing the curves by a sine curve having an area equal 
to the mean value of А and В, we get as its average ordinate, 


A+B 


ә 


_ 


ГАБ 


a 


and as its maximum value, 


ЧЫЙ yy 
ded n" nix = == 0.9anlkK"' 
C Ра 
Solving for K’ gives, 
A’ = oe 1.2344 
аи 


For six slots per phase per pole K^ becomes, 


Curves have also been plotted for two-phase windings for 
the extreme cases; first with both phases equal and then one 
phase at a maximum and the other at zero. 

Ву examining Figs. 3, 4, 5, and 6, it will be seen that for any 
case A and B will be given by the following expressions: 


three-phase—b even. 
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TWO PHASE -6 SLOTS PER PHASE PER POLE 
Area= V2 (10 4 9 + 7+ 5+ 3-F 1) 50.904 


12 
2 


во Mee E ы ы 
---------- vu sende a ee ques 


Fiz.5a 


TWO PHASE -6 SLOTS PER FHASE PER POLE 
Areazz2 (10 +9 + 72554 1 


sl V2 


› 
~ 


ооооооосоооооооооооовоооео 
++ +e ++ 
Ib 


ВЈ жу а 
1 2 liz. 


TWO PHASE - 5 SLOTS PER POLE PER PHASE 
. Area = V2 (9 4 72 5-34 D=334 


ыны ынын ы one ee 


TWO PHASE -5 SLOTS PER POLE PER PHASE 
Area =2 (> + 6) +1 (10)=38 


dí. 7 


оооооөөөәөоооооөөөөө 


——---—. ++¢ +++ 
1 2 1 2 
Fig. бф 


1 


328 McCORMICK: COMPARISON OF MOTORS. [Мау 28 


A =? [3b-1] + [3 0-3] + [3 b-5] to 2 terms } 
+{1+3+5+7 tob terms! 
B=1.73 1[3 b-1]+[3 b-3]+ [3 b-5] to b terms! 


three-phase—b odd 
A=3 6+ {[1+3+5+7 to b terms]+2 {[3 b-2]+[3 b-4] 


+[3 5-6] to% terms | 
B=1.73 {[3 b- 1] - [3 6-3]+[3 5—5] to b terms! 


two-phase—b even. 
A=/2 1[256-1]- (2 6-3] - [26-5]... ...... 1+} 


B-2 | [2 b-1] + [2 b-3] - [2 b-5] to > terms | 


two-phase—b odd. 
А=\/2 {(2 6-1] + [26-3] - [26-5]. ........ T 


B=2b+2 | [2 b-2] + [2 b-4] + [2 0-6] to a terms. | 


Reference to table 2 shows that in three-phase machines with 
ап odd number of slots per phase per pole, A’ is constantly de- 
creasing and approaches a constant value of 0.9569 when b is 
infinity. When b is even, A’= 0.9569 regardless of the mag- 
nitude of b. Similar characteristics will be found in two-phase 
machines, except that A’ approaches 0.9. 

The maximum value of induction corresponding to the 
maximum in the equivalent sine curve of magnetomotive force is 


B _73.19х0.9 а n Ik" -B= 1.435 an I,K’ 
2d d 


1.435 an I, K’ 


° 2-cL L.435xnaxkKk' 
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2 
eg 
e 
"1 
Mm 
м. 
| 


magnetizing current 

т = pole-pitch 

4 = single air-gap in inches (effective) 

L = axial length of machine 

B = maximum flux density in gap in lines per sq. in. 
For a three-phase machine with four slots per phase per pole, 


z 4 Фф 4 
тЇ, 1.435x3ax. 9509  2.62ат1 


For a two-phase machine with 6 slots per phase per pole, 


I-Z Ф d |. 4 
° — 2zL'1.435x€ XaX0.9 — 1.65a7L 

In the three-phase machine a = 5х4 and in the two-phase 
а = $X1.225XK6 


Фф 4 Ф 4 


i, three-phase = о ссср жа эсс усе 


I, two-phase = eae, ee eer # 

gem” L5x1235X6s:L 12.1: Ls 

The magnetizing current in a three-phase machine is approx- 
imately 15 per cent. more than in the pus 


The load current of the three-phase machine 15 s times that 
of the two-phase machine; t.e., 15 per cent. more; that is, , 
the magnetizing current is the same when expressed in per cent. 
of full load current both in the two-phase and three-phase 
machines. This, of course, assumes the same apparent efficiency 
in cach case. 


CURRENT DENSITY. 
It has been shown that for the same value of flux we need 
1.22 times as many conductors in the two-phase machine as 


are required for the three-phase Y-connected motor of the same 
voltage. Considering the insulation space factor the same in 


each case, the two phase machine will have times the 


1 
1.22 
copper area. 


p 
As the current in the two-phase machine is УӘ = 0.866 


———— 


oad 
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times that of the three-phase machine, it follows that the cur- 
rent density of the two-phase machine 15 0.866 +55 = 1.06 
times the current density in the three-phase machine and the 
copper loss is (1.06)? = 1.123 times as great, or, roughly, the 


copper loss is 1265 greater in the two-phase machine. 


LEAKAGE FACTOR. 


The leakage in a squirrel-cage induction motor may be said 
to consist of four components, stator-slot leakage, stator free- 
end leakage, rotor-slot leakage, and rotor free-end leakage. 
Since the leakage factor is so complicated in its make up, it 1s 
impracticable to compare the leakage factors of two- and three- 
phase machines by means of mathematical formulas. 

Tests of a number of machines show that the leakage factor 
of a two-phase machine is from 20 to 30 per cent. higher than 
on the same machine wound for three-phase service, the varia- 
tions depending upon the relative magnitude of the four com- 
ponents which go to make up the total leakage. As a fair 
average, the leakage factor of a two-phase motor тау be taken 
at about 25 per cent. larger than that of the same machine 
wound for three phases. 


SUMMARY. 


The following are the principal points brought out in this 
article relative to two- and three-phase machines, and will aid 
the designer in deciding upon the proper ratings for machines 
when wound for two-phase service. 

1. A two-phase machine should have 22 per cent. more con- 
ductors per slot than the corresponding three-phase Y-connected 
machine designed for the same voltage and flux per pole. 

2. The magnetizing current is the same in both two- and three- 
phase machines, when expressed in per cent. of the current 
which corresponds to the full-load output. 

3. The copper loss of the two-phase machine is 12 per cent. 
higher than that of the three-phase. 

4. The leakage factor of the two-phase machine averages 25 
per cent. greater than that of the three-phase machine. 

Even machines of the same phase and rating, which are made 
as nearly alike in every respect as 15 commercially possible, 
vary widely among themselves in their characteristics when 
put in test. This fact makes it very difficult to determine 
by test the relative behavior of two- and three-phase machines, 
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especially with regard to those characteristics which differ but 
shghtlv. There can be no doubt as to the higher temperature 
rise of the copper in the two-phase motor, occasioned by the 
higher copper loss. For the same reason the efficiency of the 
two-phase motor 15 slightly lower, the difference depending upon 
the relative magnitude of the iron and copper losses. Since 
the slip is equal to the ratio of the secondary copper loss to the 
total power input to the secondary, it is evident that the slip 
is greater on the two-phase motor. Calculations and tests 
indicate that the slip on two-phase motors 15 about 20 per cent. 
greater than in three-phase motors. Due to the increased 
leakage, the power-factor on the two-phase machine is from 
1 to 3 per cent. lower than on the three-phase motor. 


A paper presented at the 23d Annual Convention 
of the American Institute of Electrical Engi- 
neers, Milwaukee, Wis., May 28-31, 1900. 


Copyright, 1906, by A. I. E. E. 


(Subject to final revision for lhe Transactions.) 


HEAT TESTS ON ALTERNATORS. 


BY SEBASTIAAN SENSTIUS. 


Every electrical factory occasionally produces an alternator 
of a size that does not admit of a heat-test under normal con- 
ditions of operation, unless there happens to be another alter- 
nator of about the same capacity and voltage entering the 
testing floor at the same time. 

In such a case the testing engineer has to resort to methods 
of tests which require a supply of energy approximately equal 
to the losses under normal operating conditions. Among those 
generally applied, Mr. B. A. Behrend's apparently is the simplest. 
It merely consists in short circuiting the stator winding and 
in opposing one half of the field winding to the other, each half 
being separately excited. The separate excitation makes it 
possible to limit the unbalanced flux to an amount sufficient to 
circulate the current through the stator winding. Numerous 
tests have proved that vibrations due to the unbalanced flux 
are practically harmless.f 

It is unfortunate that the test just described may be applied 
only on alternators with more than eight poles, eight being the 
lowest limit. And since modern alternator design points 
towards the adoption of a few number of poles (turbo-alternators) 
it becomes imperative to find new ways of testing adapted to 
these cases. 

The writer presents herewith a series of methods developed 
by him as substitutes for full-load heat-tests; they are all based 
on the assumption that the short-circuit test offers the data 
to predetermine in a sufficiently accurate way the regulation 
of an alternator, and also its normal field current and flux. 


TTrans. Int. El. Congress, St. Louis, 1904, page 528. 
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Referring to Fig. 1 and Fig. 2: 

A. Calculated armature reaction in terms of the field current. 
L. Induction drop, assumed to be constant for all power-factors. 
R Resistance drop. 

V. Terminal voltage. 

E. Induced voltage. 

F. Field excitation to generate E. 

Fa. Actual field excitation cos ¢ — power-factor. 

Under normal running conditions the temperature rise in 
the field coils is caused by the field current Fa. Barring from 
consideration the increased iron-loss in the armature teeth, 
caused by a distortion of the main flux by the transverse am- 
pere-turns, we may say that the iron-loss under normal running 
conditions equals the loss produced bv the flux excited by F am- 
peres in the field coils. Now with most of the methods enu- 
merated hereinafter to obtain normal losses in the stator copper, 
there will be no armature reaction involving an excitation 
with Fa amperes to obtain a flux corresponding to only F am- 
peres on the no-load saturation curve. 

Connection of the Field Coils: To overcome this difficulty 
the author has devised the following disposition for the field 
coils, Fig. 3. 

Field coils of the same polarity are connected in series. Two 
sets of field toils are obtained thereby. Send through one 
set, f. 1. s. s., the normal field current Fa, through the other 
set, 2 F-Fa amperes. The average excitation corresponds to 
(Fa+2 F-Fa):2 = Е amperes, producing the voltage Е. The 
temperature rise is to be taken on the coils traversed by Fa 
amperes. 

Now it is a question whether the complication of the field 
connections is justified bv the results obtained. "The author 
believes that the temperature rise can be gotten with almost 
as great accuracy by not changing the field connections, by send- 
пп F amperes through the coils, and multiplying the observed 


| Е 
Armature Coil Connections: The principle of the tests to be de- 
scribed consists in bringing current into the armature winding 
through two points between which no induced electromotive 
force has to be overcome. This suggests the use of either 
direct or alternating currents to obtain the normal heating 
inthe stator winding. 


. F aM? 
temperature rise by [ — 
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Three kinds of windings are to be considered: The first is 
represented in Fig. 4a, a single-phase winding; every coil con- 
sists of turns of insulated parallel conductors, the ends of which 


Е A F/G.1 


are separately connected to the ends of parallel conductors of 
other coils. 
It is a question whether such a connection has ever been made, 
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on account of the high cost of winding. However, its applica- 
tion to the first machine of a new size is justifiable, provided 
such machine is of a large current capacity and of a small 


FIGS 


FIELO PESMSTANCE 


F/G 42a FIQ as 


number of armature coils. To reduce the self-induced eddy-cur- 
rent losses, the heavy conductors of machines of large current 
capacity are subdivided into parallel insulated conductors. 
These, connected as indicated above, yield a winding which en- 
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ables us to make a heat-test equivalent to a full-load test, simply 
by supplying an amount of energy equal to the full-load copper 
losses in the armature winding. The full-load current, either 
direct or alternating, enters the winding at the terminal a and 
leaves it at b. Now, since in each coil the direction of the cur- 
rent in one conductor is opposed to that in the other, the result- 
ant magnetizing effect of the armature is nil. The fields being 
excited, the voltage can be measured between a or b and c. 
Diagrammatically, the connection is represented by Fig. 4b, 
which, suggesting a U, will be hereinafter referred to as the 
U-connection. 

The next winding to be considered is the double-layer winding. 
Every double-layer winding can be transformed into a two-layer 
circuit winding (Fig. 5, circuits a-c and b-c) by opening one 
connection per phase. The current enters at a and leaves at b. 
The voltage is measured between a or b and c. Each slot 
will be found to have two equal volumes of current going in 
opposite directions. The magnetizing action of the current is 
nil, and thus this case 1s similar to that of Fig. 4a. For this 
reason the connection may also be referred to as the U-connec- 
tion. Whereas on the one winding (Fig. 4a) the voltage ap- 
plied on the terminals a and b is about the same for direct as 
for alternating current, on the other (Fig. 5) the direct-current 
voltage differs from the alternating-current voltage. We readily 
see that the resultant self-induced flux practically is zero in 
the slots; but it has its full value on the end connections (Fig. 5) 
so that the alternating-current voltage must be greater than 
the direct-current voltage for the same current intensity. 

The third winding, a single-layer winding with turns of single 
conductors, is represented on Fig. 6. By loosening one con- 
nection per phase, this winding can be transformed into one 
shown in Fig. 7. The current enters the winding at a and 
leaves it at b. The voltage can be measured between either 
а or b and с. Diagrammaticallv, the connection is represented 
by Fig. 7b, and will be referred to as the Z-connection. It is 
immaterial whether direct or alternating current is employed; 
any current traversing the Z-connection produces a field shown 
in Fig. 8. Now, in the case of the direct current, the armature 
field is stationary with reference to the stator iron and causes 
an alternate weakening and strengthening of the revolving field 
poles. These fluctuations generate alternating electromotive 
forces in the field coils, and thev might cause a breakdown of 


+ 
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the field-coil insulation. The armature flux, stationary with 
respect to the armature iron, alternately faces a pole face and 
an inter-polar space; that is, two media of different magnetic 
conductivity. One consequence is a fluctuation of the armature 


F/G € 


FIG. (A 


AIRE 


flux, and a generation of alternating currents of double the 
frequency of rotation, short circuited on the commutator of 
the current-supplving dynamo. А second consequence is a 
fluctuation in the driving torque of the revolving field, which 
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sets up vibrations in the whole structure. А third consequence 
is the generation of rather large eddy currents in the whole mag- 
netic circuit, which increase the temperature rise above that 
of the alternator operating under normal conditions. 

The originator of this test, Mr. R. Goldschmidt,* maintains, 
however, that the method has been tried with success on the 
testing floor of Messrs. Kolben & Co., Prague, Bohemia. 

Entirely different phenomena are obtained by the use (in the 
Z-connection) of alternating currents of the frequency of rota- 
tion. The flux represented in Fig. 8 fluctuates in time-phase 
with the rotation of the rotor-field and causes a weakening of 
one half of the rotor field and a strengthening of the other half. 
By sending through the first half more excitation current than 
through the second half, it 1s possible absolutely to correct the 
unbalanced field. 

A polyphase armature, the phases of which are independently 
Z-connected, and independently supplied with currents from a 
polyphase source, would generate a revolving flux constant 
in strength, stationary with respect to the rotor field, weakening 
one half of the latter and strengthening the other half. The 
field-weakening stator winding 15 a generator winding. The 
field-strengthening winding 15 a synchronous-motor winding. 
Because the ratio of resistance to the inductance of the wind- 
ings 15 always very small, the current supplied will be in quad- 
rature with the electromotive force of the source, and 4 being 
the phase difference between the latter and the alternator 
electromotive force, cos (90-0) is the power-factor of the load 
of the generator winding. It is seen that any load with any 
power-factor can be secured with a Z-connected armature. For 
ф = 0, cos (90-5) = 0, and the source of supply may be the 
generator itself, as will be shown farther on. 

Reversing the functions of armature and field; that 15, retain- 
ing the connections in Fig. 6, short circuiting the stator winding 
and bucking one half of the field coils against the other, yields 
the well known Behrend split-field test. In this case the re- 
sultant field remains unbalanced for an amount equal to that 
necessarv to generate the electromotive force, which forces 
the current through the stator winding. With.a Z-connected 
armature winding, and a pressure applied on its terminals a 
and b, the unbalance in the excitation current equals the cur- 
rent required to overcome the armature back-ampere-turns, 


*See E. T. Z. Heft 34, August 22, ‘OL. 
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and it remains almost constant for a constant power-factor 
and for all voltages between a or b and с. For a power-factor 
equal to one the unbalance is zero. 

With a split-field test, the unbalanced excitation current 
equals the sum of the currents required to excite the unbalanced 
flux, and to overcome the back-ampere-turns. 

The great simplicity of the split-field test for zero power- 
factor load, due to the absence of a foreign source of the load, 
is also found in what the author would term the split-armature 
test. Referring to Fig. 7a, it consists in paralleling the arma- 
ture coils by short circuiting a b, in retaining the usual field-coil 
connections, and, at last, in an unequal excitation of two halves 
of the rotor field. As in the split-field test, an unbalanced 
flux 1s required to circulate the current through the stator wind- 
ings. Also, the unbalanced excitation current equals the sum 
of currents required to set up the unbalanced flux, and to com- 
pensate for the back-ampere-turns. It differs from the Mordev 
test in that the armature is split into halves. Applied on gen- 
erators with a small number of poles, both split-tests have the 
disadvantage of producing on the generator side of the rotor 
field, a temperature rise greatly in excess of the rise under normal 
Operation. 

Loads with any power-factor mav be obtained with a split 
rotor-field by connecting the terminals of the winding in Fig. 
6, to a foreign source of current, the electromotive force of which 
has a definite phase relation to the electromotive force generated 
in the alternator under test. Any unbalanced flux can be an- 
nulled, and the unbalanced exciting current is limited to that 
required to make up for the back-ampere-turns. 

As regards the iron losses, it is obvious that the split-armature 
test gives more accurate values than the split-field test, the 
smaller the number of poles. 


Test CONNECTIONS. 


Figs. 9a and 9b, show the general connections of a U-connected 
single-phase alternator fed at equipotential points by the direct- 
current dynamo D. On Fig. 9b, the rotor has the normal con- 
nections to the exciter, whereas on Fig. 9a it is connected ac- 
cording to Fig. 3. FF are the dvnamos and exciter fields; 
К, a rheostat; A, an ammeter; and V, a voltmeter. 

Figs. 10a, 10b, and 10c, show the armature connections of a 
two-phase U-connected alternator fed by a direct-current dy- 
namo D. 


1906] SENSTIUS: ALTERNATORS. 341 


Figs. 11a, 11b, and 11c, show the connections of a U-connected 
4-wound alternator. 


FIQ. /0à.- FIQ. 104 */G. /0¢ 


Figs. 12a, 12b, show the connections of a U-connected Y- 
wound alternator. 


Next follow the connections to sources of alternating currents. 
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Fig. 13 represents the stator winding of a U-connected single- 


phase alternator, which derives its current from the secondary, 
S, of a transformer, the primary, P, of which 15 branched on 


Fg. ие. Fig. //.5 FIG. ME 


F/G. /2 А. 


FIG. /3. 


STRTOR KR TRANSFORMER 


E 


the mains. A = an alternating-current ammeter and V an 
alternating-current voltmeter. 

In Fig. 14, the primary derives its power from the stator wind- 
ings working in parallel. It is connected to the points 1 and 2, 


1906] SENSTIUS: ALTERNATORS. 343 


the latter being a tap in the middle of the secondary S. The 
magnitude of the current in one leg on the U-winding then 1s 


FQ. 14. 


FQ. 16 


4 
different from that in the other, and the temperature rise should 
be observed on the side traversed by the larger current, the 
side indicated by the insertion of the ammeter А. 
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Figs. 15 and 16 show the same method of self- саш applied 
to a two-phase winding. 

Fig. 17 illustrates the self-loading method applied to a single- 
phase Z-connected winding. The load necessarily is of zero 
power-factor, unless primary resistances are inserted in circuit. 

Fig. 18 is the Behrend split-field test at zero power-factor, 
with its simple connections. The unbalanced pull can be an- 
nulled by inserting in the winding circuit the secondary of a 
transformer, the primary of which is branched on terminals 
1 and 2. 


Fig. IT 
> 


28. 18 


Fig. 19 shows the Mordey split-armature test as modified by 
the writer. 

Concluding Remarks: The different connections for a heat- 
test treated above can be divided into three classes: 

1. The test connections whereby no armature reaction 15 
produced, represented by the U-connection. Full-load heat- 
tests can be closely imitated on machines of any number of 
poles, having the double-layer or parallel winding. 

2. The split-field and split-armature test connections for 
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machines with a large number of poles and any kind of winding, 
whereby no foreign source of current is required, thus producing 
an unbalanced pull as explained above. 


FigG./9 


3. The split-field and the split-armature test connections on 
machines with a rather large number of poles, whereby a foreign 
source of current is required, thus annulling the unbalanced 
pull as explained above. 


346 SENSTIUS: ALTERNATORS. [May 28 


The third class is interesting in that it offers the means to 
obtain the regulation curve of the alternator on any power- 
factor, and accurately to separate the drop due to self-induction 
in the armature from the drop due to back-ampere-turns. It 
also enables us to determine and to study the variation of the 
armature self-induction with different positions of the armature 
flux relatively to the revolving fields. 

Referring to Figs. 20 (split-armature) and 21 (split-field), 
which are the test connections spoken of above, the voltage 
across the secondary S is always equal and opposite to the 
impedance voltage of the stator winding. 

It may be in any phase relation to the generated voltage, 
depending upon the phase difference between the generator 
voltage and the voltage impressed on the primary of the feeding 
transformer. 

The variation of armature self-induction (equal to the sec- 
ondary voltage) with the position of the armature flux can thus 
be studied by keeping the current constant, and varying the phase 
angles between the alternator and the transformer voltage. 

The voltage measured between 1 and 2 always equals the 
voltage induced in both the generator and motor windings. 

G, being the generator side, the voltage across (1-3) is the 
generator terminal voltage and that across (1—4) the motor 
terminal voltage, (1-3) being smaller than (1-4). Whenever 
the fields are balanced, the regulation curve is obtained by 
plotting the curve representing the voltage (1-3) as a function 
of the gencrator field-current. 

The author does not believe it necessary to explain in detail 
how the test connections for polyphase alternators are made. 
It is sufficient to say that a polyphase source has to feed the 
stator winding. 


t 


APPENDIX. 


Since writing this article my attention has been called toa 
series of test connections in chapter VIII of ‘Alternating Cur- 
rents and Alternating Current Machinery” by D.C. and J. P. 
Jackson, which contains a résumé of a paper on ‘ Testing and 
Working Alternators’’ read by W. Mordey and discussed by 
Prof. Avrton.* : 

- The authors’ conclusions are: 


*Journal Inst. E. E., Vol. 22, pp. 116 and 136. 
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1. The split-armature connection for heat tests (Fig. 19) is 
disclosed in Mr. Mordey’s paper. 

2. The split-field connection for heat tests (Fig. 18) was 
proposed by Prof. Ayrton in the course of his discussion. 

3. The method of obtaining the regulation for zero power- 
factor load by means of a split-field connection (Fig. 18), was 
devised by Mr. Behrend. 


Digitized by Google 


A paper presented at the Bd Annual Conven- 
tion of the American Institute of Electrical 
Engineers, Milwaukee, Wis., Мау 28-31. 1906. 


Copyright 1906. By A. I. E. E. 


DIRECT-CURRENT MOTOR DESIGN ASINFLUENCED' BY 
THE USE OF THE INTER-POLE. 


BY C. H. BEDELL. 


The advent of the inter-pole is due to the demand for motors 
which operate under conditions so severe that perfect results 
can not be obtained with those of the standard design. The 
machine-tool builders quicklv saw the advantages of the in- 
dividual motor drive, largelv on account of the possibility of 
obtaining speed variations, but the 33% increase in speed 
which the standard constant-speed motor would allow was not 
sufficient for their requirements. As it seemed evident that the 
motor builders could furnish motors of special design that would 
satisfy almost any demand they might make in the way of 
speed changes, the tool builders have adapted their machines 
to this form of drive, and call for motors that will operate at 
from 100% to 500% above minimum speed. 

The design referred to as “standard " is that of the usual 
tvpe, having no series winding to control the field distribution. 
In designing motors along standard lines to fill such speed speci- 
fications, the greatest difficulty is to overcome the sparking 
tendency. As the minimum speed is very low, the armature 
must have a large number of turns. It therefore follows that 
the self-induction of each armature coil is quite high, so high 
that the qualities of the carbon brush are not sufficient to 
prevent sparking as the short-circuited coil passes out from 
under the brush. No assistance can be obtained from the 
fringe of the main field at the high speed, for the field is then 
so weakened that the armature reaction reduces the fringe ap- 
proximately to zero. 

The attempt has been made to modify the proportions of the 
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motor so as to reduce this sparking tendency; that is, by making 
the armature very weak, and the field very strong. Such 
changes, however, are only a help; they do not cure the trouble, 
and in addition the machine is very large for its output. Even 
with such changes in the proportions of the machine, the quali- 
ties of the carbon brush are depended upon to control the 
sparking. That no fringe is available to assist in this control, 
is shown in Fig. 1. The two curves there shown were made 
from readings taken by means of exploring brushes around the 
commutator of a commercial machine of standard design, 


Wy INEBENERBI 
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Fic. 1.—Field distribution curves of 3-h.p. 275-1100 rev. per min. 
motor of standard design. Curves taken at high speed. 


having a weak armature and powerful field at minimum speed, 
with an air-gap of good size. Both curves were taken with 
the armature running at high speed, the one with solid line 
being the no-load curve and that with the broken line being 
the full-load curve. Even at no load, considerable armature 
reaction is shown, due to the fact that the field 15 so extremely 
weak. The full-load curve shows the heavy armature reaction 
of this type of machine, a reaction in itself not objectionable 
except as it influences the sparking condition. This full-load 
curve illustrates the point mentioned above, that at high speeds 
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no assistance can be had from the fringe of the main field in 
the control of the sparking. At the point A the curve crosses 
the zero line. This point is under the pole corner, and shows 
that here the main field is just balanced by the ampere-turns 
on the armature; that is, by the armature field. It follows 
therefore that no amount of shifting of the brushes will help 
the commutation, for by moving the brushes back, this point A 
will also move back. The presence of the armature field is 
shown by the line to the right of the point A being below the 
zero line. At the brush position the distance between these 
two lines is considerable, and illustrates the intensity of the 
armature field. | 

It is thus shown that not only has the short-circuited coil 
no fringe from the main field to assist the reversal of the curr.nt, 
but it is cutting the lines of force of the armature field in the 
direction to maintain the current in the coil. The result is that 
there is a sudden change in the current strength as the coil 
passes out from under the brush, resulting in continuous spark- 
ing. At speeds below the maximum the fringe of the main 
field may be used to assist in the commutation, but with a 
given setting of the brushes, correct conditions can be obtained 
for one load only, as on light loads the fringe is too powerful, 
and on heavy loads the fringe is too weak. The motor when 
thus used is not reversible. | 

To obtain perfect commutation, a variable-speed motor 
should be free from all these defects; that is, it should be so 
constructed that a heavy commutating field is provided to assist 
in the reversal of the current in the short-circuited coil, and that 
this field should vary with the load. It follows therefore that 
the commutating field must be independent of the main field. 

Having in mind the weak points of the standard motors, 
when applied to variable speed work, the inter-pole motor was 
designed, with results so satisfactorv both as regards sparking 
and on account of the reduction in size made possible, that the 
motor is not only used for variable-speed work, but also for 
constant-speed conditions. 

As it is necessarv that the commutating field be independent 
of the main pole, small auxiliary poles called inter-poles are used, 
placed midway between the main poles, with pole faces covering 
the region of commutation. In order that the proper commu- 
tating field may be obtained that would vary with the load, 
the inter-poles are wound with the necessary number of turns 
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and connected in series with the armature. Thus when the 
load on the armature is heavy, the ampere-turns on the inter- 
poles are large, resulting in a powerful commutating field; and 
when the armature load is light, the excitation of the inter- 
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Fic. 2.—Saturation curve of inter-pole core. 


poles is light, resulting in a weak commutating field. That 
is, by this construction a heavy commutating field is provided 
when required, independent of the main field strength, and this 
commutating field varies with the load until the saturation 
point of the core of the inter-pole 15 reached. In the actual 
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motor this saturation point is at about 100° overload, well 
beyond the point of proper operation of the motor. This is 
shown by the curve illustrated in Fig. 2. The readings for this. 
curve were made with a ballistic galvanometer and exploring 
coil. The motor was a 5 h.p. 220-volt, 20-ampere machine. 
In making the test, the armature was clamped so that it could 
not turn with brushes placed in their. proper commutating 
position and current was sent through the armature and inter- 
pole coils. No current was used in the shunt coils. The ex- 
ploring coil consisted of a few turns of fine wire, placed between 
two sheets of mica. In taking a reading the exploring coil 
was placed in the air-gap between the inter-pole and the arma- 
ture, current was thrown on the armature and inter-pole coils, 
and then by a quick movement the exploring coil was with- 
drawn, thus producing a kick in the galvanometer. Successive 
readings were taken at different current strengths, and the 
results plotted as shown. | 

The general arrangement of the different poles is shown in 
Fig. 3. | 

In the case of the standard motor, where the fringe of the 
main pole is made use of for commutating purposes, the brushes 
have to be shifted if the direction of rotation is to be changed. 
Where the inter-poles are used, the commutation takes place 
under the middle of the inter-pole face, that is, on the neutral 
line. As the winding of the inter-pole is permanently con- 
nected in series with the armature, the reversal of the current 
in that circuit necessary to change the direction of rotation, 
reverses the polarity of the inter-poles, thus giving the necessary 
change in the polarity of the commutating field without any 
shifting of the brushes. The motor is therefore perfectly re- 
versible. The ampere-turns on the inter-poles are considerably 
greater in number than those on the armature, since not only 
is it necessary to neutralize the armature fields, but also a field 
must be produced for commutating purposes. It will thus be 
seen that no matter in which direction the current may flow, 
the inter-poles are always more powerful than the armature, 
and the commutating field is always in the right direction, and 
of the proper strength. The machine may therefore be operated 
as a motor with rotation in either direction, or as a génerator, 
without shifting of the brushes, or change in the connection be- 
tween the armature and inter-pole coils. 

It may be thought that as we are not dealing with a straight 
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line in the saturation curve of the inter-pole, that the commu- 
tating field would not be sufficiently close to being proportional 
. to the load on the armature. Fortunately the qualities of the 
carbon brush allow of quite a wide variation from exact pro- 
portionality, and the motors operate at maximum speed without 
sparking with any load up to the saturation point of the inter- 
poles. 


Fic. 3.—General arrangement of poles of inter-pole motor. 


The question may be asked whether the same excitation is 
required on the inter-poles for a given load, for both high and 
low speeds. Experiment has proved conclusively that if the 
excitation of the inter-poles is correct for high speeds, it is also 
correct for all lower speeds. Although the same number of 
lines of force are sent into the armature from an inter-pole 
for a given load, irrespective of the rate of rotation, vet the 
electromotive force generated in the short-circuited coil is pro- 
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portional to the rate of rotation. Thus a high electromotive 
force is provided for the very quick reversal of the current at 
high speed, and a much lower electromotive force is provided 
for the slower reversal at the low speed. 

As a general illustration of the reactions which take place 
in the field distribution of a motor, both without and with 
inter-poles, the sketches Figs. 4, 5, 6, and 7, are given. Fig. 4 
represents the field distribution of a constant-speed motor 
running under no load, having a uniform field distribution 
over the pole face. When load is thrown on the armature, 
the reaction weakens the field under one pole corner, and strength- 


Fic. 4. Fic. 5. 
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| Sketches illustrating field distribution under different conditions. 


ens it under the other corner. Also an armature field 15 pro- 
duced in the space between the main poles. These effects are 
illustrated in Fig. 5. If now the main field is weakened to 
produce higher speeds, the armature reaction under the same 
load is greater, weakening one pole corner só that the field may 
be reduced to zero, as illustrated in Fig. 6. It is evident that 
under such conditions the shifting of the brushes back will 
not help the’ commutation, as there is no field’ under the pole 
corner to help’ teverse the current in the short-circuited: coil. 
The operation of the motor when fitted with inter-poles is illus- 
trated in Fig. 7. The current from the line to the armature 
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passes through the coils on the inter-poles. As these coils have 
more turns than the armature, they overpower the armature 
field and produce the proper field for commutation,—powerful 
or weak, in proportion to the load on the armature. This com- 
mutating field being independent of the main field, can be 
made to control the sparking tendency, no matter how ex- 
treme the reaction may be over the main pole face. 

In order to show the exact field distribution of an inter-pole 
motor, readings were taken by means of exploring brushes and 
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distribution curves of inter-pole motor, 5 
rev. per min. curves taken at low speed. 


a voltmeter around the commutator of a 5 h.p. 275-1 100 rev. 
per min. motor both at low and high speeds. The low-speed 
curves are shown in Fig. 8 and those for high speed in Fig. 9. 
In each case the solid line is the no load curve, and the broken 
line the full-load curve. The positions of the main and inter- 
poles, also the brushes, are shown by the shaded portions. 
In the test at low speed, very little armature reaction is shown. 
At high speed the reaction is very heavy, so much so that the 
polarity of the weakened pole corner is not only reduced to 
zero, but is reversed to quite an extent. The curve however 
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is brought back to the proper side of the zero line by the inter- 
pole, and sufficient field 1s shown to give proper commutation. 
In tests of this kind the voltmeter readings are proportional to 
the intensity of the field in the portion under test, except in 
the immediate neighborhood of the brush. The electromotive 
force of self induction of the short-circuited coil due to the 
current being reversed in the coil at that point, prevents the 
apparent voltage as given by the exploring brushes from being 
proportional to the magnetic field. The two electromotive 


ЗУР УР ЭЗ EAA LL ZDP 272728727277» 
22827822777 7 42727222 72727 1772277782727 27 
шишшшш шишиши ы ЕЕН ТЕЕ ВЕ ТТ 
какаш шеша FERC EER HE 

А ЕЕЕ ҸЕ 
ЕЕЕ SUI T3 p 3E TEES E EE EE 
ЕЕЕ КЕЕ 
Йй ЖЕ ШЕШ ИН ЫП RE аваа Cee 


HHHH E HHH 
ТЕСЕ 
Д панова аавв ae eee ees 
SaaS? ааныш Topps NS ac шш шиш ю шш 
при АЕ 
г) A +-+-t ttt tt Мм а ttt ttt 


RIA 


Senn 2a E Ep Ns 
EREEEESZNENELÓLZEEENEEESITSBIES 
CILS STSI] ba l XN IE 
тт TCN Е 
STT AT DE 
üR d пиш 


Fic. 9.—Field distribution curves of inter-pole motor, 5 h.p., 275-1100 
rev. per min. curves taken at high speed. 
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forces thus generated, oppose each other and as a result there 
is a depression in the curve at that point. It is probable the 
field is practically uniform over the inter-pole face. 

When the fringe of the main field is used for commutating 
purposes, it is necessary to bevel off the edge of the pole, so 
that the fringe shall be sufficiently wide. In cases where the 
teeth of the armature are wide, it is necessary to make the 
bevel of the edge of the pole quite wide. This robs the pole 
of valuable area, tending to increase the speed of the motor. 
With the inter-pole construction. as the fringe of the main 
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field is not used for commutating purposes, the beveling or 
skewing of the edge of the pole may be much narrower, and 
therefore the effective pole area is larger. If it were not for 
the humming of the armature teeth, the main pole could be 
rectilinear, and without bevel. If askew form is used, it should 
amount to about one tooth and slot of the armature, this being 
sufficient to dampen all tendency to vibration of the teeth. 

The inter-pole produces a much better form of commutating 
field than can be obtained from the fringe of the main field, 
even on constant speed motors, unless an extremely wide bevel 
is used. This is due to the fact that the inter-pole may be 
made much wider than the bevel of the main pole, thus fur- 
nishing a broad uniform field, well suited to commutating 
conditions. The current is therefore quite uniformly distributed 
over the brush face, and none of the difficulties such as pitting 
or incandescent positions of the brush, due to too narrow a 
commutating fringe, are experienced. 

In the designing of machines along the old lines, some of the 
dimensions are limited by the sparking condition. For ex- 
ample, it will not do to put more than a certain number of 
ampere-turns per inch of periphery on the armature, as a larger 
number produces too great armature reaction. Similarly it 
will not answer to have too small an air-gap for the same reason. 
With the inter-pole construction these conditions do not per- 
tain, for no matter what the armature reaction may be over 
the face of the main pole, the inter-pole alwavs gives the proper 
field for commutation. It follows therefore that radical changes 
in proportions may be made, materially reducing the size of the 
machine. i | 

The change in the relative amount of iron and copper in the 
armature, makes quite a change in the form of the efficiency 
curve. As the amount of iron is less, the hysteresis and eddy 
current losses are less. The increased amount of copper makes 
1° К armature loss greater. The full load efficiency is practically 
the same as in the standard motor, but on light loads the et- 
ciency is increased. The motors therefore show a much better 
efhciency under varying load approaching the condition. of. the 
all dav ећсіепсу of the transformer. 

In this paper the subject has been treated in connection with 
motor design, but the advantages of the inter-pole pertain 
equally well to generator conditions. By the use of the inter- 


pole the following advantages are obtained: $ 
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A powerful commutating field is provided to assist the carbon 
in resisting the sparking tendency, and this field is independent 
of the main field. | 

The intensity of the commutating field 1s proportional to 
the load on the armature. 

The brushes are placed on the neutral line, and in conse- 
quence the machine is perfectly reversible, and may operate 
either as a motor or dynamo, without shifting the brushes or 
changing any of the connections. 

A large number of ampere turns per inch of periphery is per- 
missible, also small air gaps, resulting in a large output for the 
material used. 

The form of the efficiency curve 1s better suited to the average 
load. 
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SOME EXPERIENCES WITH LIGHTNING AND STATIC 
STRAINS ON A 33000-VOLT TRANSMISSION 
SYSTEM. 


BY FARLEY OSGOOD. 


In this paper will be related the actions of the multigap 
series resistance type of arrester unit, and the multigap type of 
arrester unit without the series resistance, experienced during 
the years 1904 and 1905 on a 33 000-volt transmission. system 
operated by the New Milford Power Company, of New Mil- 
ford, Connecticut. 

This power company's plant is situated on the Housatonic 
River, which coming down from the Berkshire Hills through 
a mountainous and hilly country, runs in a southerly direction 
nearly parallel with the state line between New York and 
Connecticut, and empties into Long Island Sound between 
Bridgeport and New Haven. The transmission line follows 
this river for about 4 miles, and then turns directly east and 
traverses for 56 miles a country which is nothing but hills and 
valleys, the altitude variations being about 1 200 ft. These 
facts are mentioned merelv to show, that like very many other 
hvdroelectric plants, this one is situated in an ideal position 
to receive the full force of all lightning storms, which, generally 
speaking, follow the courses of the vallevs. 

The station is water-driven. At the time covered by this 
paper the equipment consisted of six 1 000-kw. alternating- 
current generators, generating at 1 150 volts, and 503 amperes, 
three-phase, 60 cvcles. Before leaving the station the current 
is stepped up to 33 500 volts by means of single-phase step-up 
transformers connected in delta. The step-down transformers 
at the sub-stations are connected part in delta and part in Y, 
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without grounded neutral. The transmission line is of alumi- 
num, the wires being strung on wooden cross-arms and wooden 
poles. Two lines of poles carry one circuit each from the sta- 
tion to the Waterbury sub-station, a distance of 30 miles. 
The two circuits loop through the Waterbury station, and run 
back on the same two lines of poles for a distance of about 
3.9 miles, when they leave the main lines and take a line of 
single poles. One circuit is placed on each side of the pole, the 
wires extending to the city of New Britain, a distance of 26 
miles beyond Waterbury. At about the middle of this Water- 
bury-New Britain loop, a loop 5 miles long consisting of one 
circuit extends into the Cheshire sub-station. This loop is 
controlled at a switch-house near the junction point with the 
. Waterbury-New Britain circuits. The transmission wires are 
arranged in triangular form, 60 inches to a side, with the apex 
upward. 

During the vear 1904, the multigap series resistance type of 
arrester unit was in service. The equipment at the power 
station consisted of 16 units in series per phase, without any 
multiplex connections of any kind. These units consisted of 
4 gaps and two 250-ohm resistance sticks each, making a total 
of 64 gaps and 32 resistances between each line and ground, 
and 128 gaps and 64 resistances between line and line. 

The sub-station equipments were the same, with the excep- 
tion of a multiplex connection between phases, consisting of 
250-ohm resistance sticks of carbon, which were varied in 
number from three or four to six or eight between the phases. 

During this season the major portion of the heavy lightning 
discharges was in the vicinity of the Waterburv sub-station, 
and on several occasions the lightning-arrester equipment was 
very badly broken up, even to the extent of destroying all the 
carbons, and all porcelain bases of the units of one phase, and 
nearly all of a second phase. 

Generally speaking, No. 2 and No. 3 phase equipment under- 
went the severest actions. If the shock to the arresters was 
not sufficient to destroy the bases themselves, the carbon 
series resistance sticks would invariably break, thus destroving 
any protective effect the apparatus might have. 

On four different occasions when there were severe lightning 
discharges on the Waterbury section of the system, the power- 
station end of the svstem received such increased potential 
that insulators on the high-tension bus-bars in the generating 
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station were broken down. On two of these occasions the 
lightning-arrester equipment at the power station discharged 
with sufficient severity to break five or six of the carbon re- 
sistance sticks, but on the other two occasions the arrester dis- 
charge was very light indeed. 

The breaking down of the insulators at the generating station, 
the breaking of the resistance sticks in the station arresters, 
and the breaking down of the arrester equipment at the Water- 
bury sub-station occurred on the same phase. 

These bus-bar insulator breakdowns caused us to place re- 
actance or choke-coils between the arrester equipment and 
the bus-bars. The coils, one on each phase, consist of 20 turns 
6 in. diameter of No. 00 copper wire. These reactance coils 
were placed in service at the generating station during the 
latter part of the 1904 lightning season, and since that time 
no high-tension bus-bar insulator has broken down. 

On two occasions the building up of current on the line 
broke down a large porcelain insulator supported by the slate 
base of the pigeon-coop through which the wires pass when 
leaving the building. Although only two insulators were 
actually broken down at this point, four of these insulators 
had to be replaced on account of the discharges to ground 
through them. To overcome the discharge difficulty at this 
point, the insulators were removed, and the slate bottoms of 
the pigeon-coops broken out, so that each wire came out 
of the building in a 38-in. air-space. Fig. 1 shows these pigeon- 
coops, and although the bottoms are not visible, the condition 
can be understood. It might be mentioned that the two 
actual breakdowns at the point just described were caused 
when the transmission line was grounded; once on the same 
phase as the grounded line, and once on another phase. 

The most severe storms during the season of 1904 occurred 
on July 29, and September 8, when, in the first instance, almost 
continuous flashes were experienced for 17 minutes, and in the 
latter instance, incessant lightning discharges for 29 minutes. 
During the storm of July 29, the automatic circuit-breakers 
opened 7 different times, and during the storm of September 8 
they opened 8 times. During neither of these storms, how- 
ever, was any damage done to apparatus. 

The circuit-breakers which opened were of the instantaneous 
tvpe, which no doubt accounts in a large measure for their 
rapid successive operation. "There were three lightning storms 
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on the section of the system beyond Waterbury which did not 
affect the main part of the system (as it is known), which is 
the section between the generating station and Waterbury 
sub-station. 7 

These three storms occasioned three openings of the breakers 
that were placed on the outgoing lines toward New Britain 
at the Waterbury sub-station; and these storms caused no dam- 
age to apparatus which could in any way be attributable to 
lack of action on the part of the protective devices. 
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Fic. 1. 
Pigeon-coops, Where Wires Leave Power Station, New Milford Power Co. 


The record for the 1904 season shows that there were 19 
lightning storms which occasioned 56 interruptions to service. 

During the interim between the 1904 and 1905 seasons, the 
bellows-type time-limit relays were substituted for the instan- 
taneous relays on the two lines going out from the power sta- 
tion, and on the two lines leaving the Waterbury sub-station 
for the New Britain end of the system. 

These relays were set at 6.5 seconds at the power station, and 
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at 4 seconds on the New Britain loop from Waterbury. It can 
readily be seen that disturbances on the far end of the line would 
cause interruptions only to the smaller sub-stations, Cheshire, 
and New Britain, and not affect the Waterburv service, which 
takes approximately § of the station output. X 

The series resistance type of lightning-arrester was aban- 
doned all over the system, and was replaced with the multi- 
gap type without series resistance. These units consist of 24 
air-gaps each, and were arranged with 14 units per phase, 
with multiplex connection, without resistance, connecting the 
three phases, and a bank of 14 units between this multiplex 
connection and the ground, making a total of 672 gaps between 
line and line, and the same number between line and ground. 

Reactance coils similar to the ones described above as being 
p at the power station were placed at all sub-stations. 
Figs. 2 and 3 show the series resistance tvpe of unit installation, 
and the “ V ” type multigap installation, both with choke-coils, 
as they were placed at the generating station. 

As the multigap type of unit without series resistance had 
never been in service on anv svstem, there was some doubt as to 
whether the lightning would discharge across 672 gaps, but our 
fears were not well founded, as will be related in a moment. 

The season of 1905 was noteworthv as being particularly 
free from lightning storms, although in Connecticut there were 
two verv severe ones; one on Mav 25, and another on July 10. 

There are approximately 1 300 poles in each of the lines be- 
tween the power station and the Waterbury sub-station. On 
May 25, the lines were being operated in parallel as far as Water- 
bury, both lines being strapped together at each end by a 
switch. 

The lightning storm on this date struck the fins itself. At 
pole 746, No. 2 wire was down, and insulator so completely 
shattered that it was dithcult to find a piece large enough to 
bring home for a sample. -At pole 549, No. 3 wire was down, 
and the insulator somewhat shattered and considerably melted; 
what was left of it having the appearance of a molten mass. 
At pole 521, No. 1 wire was down, but No. 1 insulator was not 
broken at all. No. 3 insulator was broken on the petti- 
coat, the current having jumped through to the cross-arm 
and by wav of the iron cross-arm brace to the pole and ground. 
At pole 746 the cross-arm did not have to be renewed. At 
pole 549 the arm had to be renewed and the pole re-gained. 
At pole 521 the cross-arm did not have to be renewed. 
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At the time the storm struck the line, the two lines were in 
parallel. The trouble on this line was discovered, and the load 
shifted over to the good line. The current was kept on the 
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Fic. 2. 
Air-gap Series Resistance Tv pe of Lightning Arrester, with Choke-Coils, 
as Installed 1904 at Power House of New Milford Power Company. 


line which was in trouble to develop it. This whole occurrence 
happened within a period of 50 minutes. The arresters dis- 
charged very slightly at each end of the line. No inside ap- 
paratus was damaged at any point. | 
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On July 10 was experienced the most severe storm that ever 
has been known in this section. Soon after the storm struck 
the system, the lines which were being operated in parallel were 
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Fic. 3. 
Type "V" or Straight Air-gap Arrester Units, Without Series Resist- 
ance, as Installed 1905 at Power House of New Milford Power Company. 


separated, one line carrying the load, the other being held dead 
in reserve. Almost immediately after this change was made 
the arresters at the power station on the working line dis- 
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charged across the multiplex connection and held an arc which 
was timed for a little over two minutes when the breaker was. 
opened by hand to break the arc, the load being put on the 
reserve line. Examination of the arresters showed that all 
the cylinders were welded together, including the ground-bank, 
although the cylinders of the ground-bank were not so severely 
melted as the banks above the multiplex connection. None 
of the porcelain bases was damaged; although the compound 
from the screw holes was almost entirely melted out, and ran 
down across the face of the porcelain bases. Almost immedi- 
ately after the load was put on the reserve line this set of ar- 
resters acted in the same manner as just described. The oper- 
ator timed the arc for a little over a minute, and then pulled 
the breaker to save the arresters, as it was his last set. 

All the units on all three phases above the multiplex con- 
nection had every cylinder welded together. Six porcelain 
bases were cracked, and the compound in the screw holes was. 
almost entirely melted out. Although the bank of units be- 
tween the multiplex and ground was observed to discharge, 
the cylinders were not welded together at all. This set of ar- 
resters was cleaned up and put back into service, but went 
out again almost immediately. The welding of the cylinders 
was about the same as on the first occasion. From this it is 
clearly seen that lightning w/l discharge across 672 gaps. 

The arresters at all three of the sub-stations discharged 
slightly, but no harm came to them. Figs. 4 and 5 show the 
arrester tell-tale papers after this Julv 10 storm, and after a 
storm of July 22. It will be noticed that heavy discharges 
occurred only on one phase and the ground-bank. The papers 
are arranged showing the three phases on top, numbering from 
1 to 3, from left to right, and the ground-bank below the mul- 
tiplex connection, underneath. Тһе power-station tell-tale 
papers were burned up during the storm of Julv 10. 

Six poles were splintered at about equal intervals over 
the 56 miles of line. It was noted that but one of these 
poles was sufficiently damaged to warrant immediate replacing; 
the other five were splintered onlv in the lower half, no dam- 
age being done at all above 20 ft. from the ground. No 
damage was done to any apparatus during this storm. 

The storm seemed to center in the immediate vicinity of the 
generating station. Continuous flashes of lightning occurred 
for 1 hr. 40 min. The action of the arrester cvlinders shows 
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that the discharges of current must have been very great. 
On many other occasions the power-house arresters took all 
discharges successfully, and on no occasion did the arrester 
cylinders weld together at the sub-stations. 

This shattering of the poles led us to consider the placing of 
an arrester equipment on the line. As soon as it could be done, 


IEEE een apps 
| Е 


КЖК Гы or "d 


кА PS" А 
TUA Pe oer. 


ал. 


" 
" 
i 
ч 


ет hee A 
m Nor (a s i 


E 


a complete set of arresters was installed about 10 miles out on 
the line from the power station, on the top of a hill where 
the line reaches its highest altitude. Since the installation 
of this line-arrester equipment no poles have been shattered. 
This installation 1s within 10 poles of the sectionman's house. 

On November 19, 1905, a short circuit, which 1s interesting 
on account of the damage done to apparatus, occurred on the 
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New Britain end of the system. The two New Britain lines 
were in parallel, and some miscreant threw a steel umbrella-rod 
into the wires, short circuiting No. 3 phase of the No. 1 line 
and the No. 2 phase of the No. 2 line, these being the pole wires. 
The result was the burning out of two 550-kw. step-down trans- 
formers at the Waterbury sub-station, the piercing of the coils 
of a 330-kw. transformer at New Britain sub-station, and the 
damaging of a small potential transformer at the Cheshire 
sub-station. 

This short circuit caused considerable trouble, as just de- 
scribed, whereas the short circuiting of the lightning arresters 
at the power station on July 10 and the short circuit on May 30 
when all three phases of the line were on the ground caused no 
damage whatever to anv apparatus. 

During the season of 1905, there were four lightning storms 
which caused seven interruptions. As already stated, during 
the 1904 season there were 19 storms which caused 56 interrup- 
tions. The relative percentage of interruptions to storms 15 so 
largely in favor of the 1905 season, that we are led to believe 
we have made an advance in the betterment of our protective 
arrangements. 

For the season of 1906 these arresters are being operated with 
resistance in shunt with a portion of the gaps, in the expecta- 
tion that this will limit the dvnamic current. 

A telephone line is operated over the entire 56 miles of this 
transmission system. The line is strung on the transmission- 
line poles. This telephone circuit 15 of No. 6, В. & S. galvanized 
steel, 15 carried on brackets on each side of the pole, tied to a 
fairly heavy telephone trunk-line insulator, and is transposed 
between the poles every third section. The only protective 
devices on this line are ordinary telephone protective devices 
placed at the sub-stations, there being no protection for a man 
talking on the line should one of the high-tension wires hap- 
pen to break, and fall across the telephone circuit. 

It may be interesting to some of the members to know that 
in the latter part of Mav we made tests on a telephone protec- 
tive device arranged as follows: on the instrument end of the 
device was a 1-1 transformer, or heavy repeating coil, built to 
stand a pressure of 2500 volts. Ahead of this transformer 
was a ground-plate cut-out consisting of copper blocks instead 
of the usual carbon blocks, and separated by two micas of 
0.0055 of an inch in thickness. Ahead of the ground plate 
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was a tubular fuse of about 10 amperes, and ahead of this was 
a long fuse of 25 amperes’ capacity. 

Tests were made by varying the length of the long fuse from 
6 ft. to 20 ft., and varying from 25 to 50 amperes. A separate 
telephone test-line of a few sections was put up to make this 
test, one side of the telephone circuit being strapped to one side 


Fic. 6. 
Telephone Protective Device Test; 6 ft. 25-Ampere Fuse. 


of one of the transmission lines by means of a No. 10 copper 
wire, and the other side of the transmission line was then ground- 
ed. The ground-plate device of the protective apparatus 
also being grounded. 33 000 volts was then thrown on to 
the transmission line. 

The long fuse operated, as well as the tubular fuse, and the 
ground-plates operated. Many tests were made, the machine 
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current being held on for some 15 to 25 seconds. The telephone 
instruments on the test line had their receivers off, thus giving 
the effect of the instruments being in service, and on none of 
the tests was any part of an instrument damaged in any way. 

This led us to the installation of one of these devices on the 
power-house end of our telephone line, but it was found that 
we could not prevent the induced current on the telephone line 


Fic. 7. 
Telephone Protective Device Test; 20 ft. 50-Ampere Fuse. 


from arcing across the ground-plate equipment of the arrester, 
notwithstanding the fact that we increased the mica separators 
to five in number. The ground-plate apparatus would hold 
up at times for several hours, and at other times would arc across 
immediately, thus showing that the induction effect on the 
telephone line was not constant, and for this reason the device 
was given up awaiting a further stage of development. 
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By means of an ordinary portable voltmeter, we found that 
the telephone line carried 775 volts between one side and the 
ground, just outside of the power station, and 995 volts just 
outside the Waterbury sub-station. One reason for the high 
voltage on this telephone line is that the transmission line is 
not transposed at all. 

Figs. 6, 7, and 8 show three of these tests. 
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Fic. 8. 
Telephone Protective Device Test; 50-Ampere Tubular Fuse, 1 ft. Long. 


The one with the power station in the background shows 
the arcing of a 6 ft., 25-ampere fuse. "The one showing the long 
arc between the poles is a 20 ft., 50-ampere fuse. The one 
showing the smaller arc near the pole is a 50-ampere tubular 
fuse about one foot in length. 

To prevent a water ram in the penstock at the time of the 
releasing of a short circuit, the penstock terminates in a stand- 
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pipe 105 ft, high and 5 ft. in diameter. At the time of these 
tests we were fortunate in getting a photograph of the discharge 
of the stand-pipe, and the same is shown herewith. 
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Fic. 9. 
Discharging of Stand-Pipe, New Milford Power Co. Pipe 105 ft. High, 
5 ft. Diameter. 


A study of these two seasons of lightning experiences brings 
out the fact that our trouble has covered the whole system, 
and in no way confined to one point. We have done all we 
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could to better our arrangement of protective devices as we 
have progressed, but the shifting of the location of trouble 
and the building up of high waves of current on the line make 
one consider the advisability of changing the connection of the 
transformers to a Y formation and grounding the neutral points. 

These experiences also seem to indicate that it is the resist- 
ance in series with the gaps which causes the greater obstruction 
to the lightning discharges, rather than an increase in the 
number of the gaps themselves. 

With the resistance in shunt with a portion of this greater 
number of gaps, and on account of the flexibility of adjustment 
of such an arrangement, it is expected that this year's ex- 
periences will develop the proper relation between series gaps, 
and shunted gaps; if such proves to be the case, this type 
of equipment will be comparatively simple to handle. 

The relating of this detail is done with the view of putting 
before our members some experiences which may be different 
from those given in former papers, and in the hope that 
some additional studies may be worked out for the betterment 
of the protective devices to relieve us from the wonderful forces 
of our worst and common enemy, lightning. 
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METHODS OF TESTING PROTECTIVE APPARATUS. 


BY E. E. F. CREIGHTON. 


This paper treats of the methods of testing arresters and 
dielectrics, and presents most of the conditions and precau- 
tions the writer has found necessary to observe to obtain useful 
results. A second paper will include more details of insula- 
tion tests, and will describe the application of tests to some 
new and some old types of arresters. 

The general term lightning has been applied by Dr. C. P. 
Steinmetz to mean any abnormal surge of voltage on a trans- 
mission line. This is a convenient term, since lightning-arresters 
should be designed to protect against any dangerous rise in 
voltage, whether the clouds are the source or not. This designa- 
tion will give a natural division of lightning into: 

Cloud lightning from an external source. 

Surge lightning from an internal source. 

Both kinds of lightning usually appear together in summer; 
that is to say, surge lightning of a more or less serious. nature 
usually follows cloud lightning, as an after effect connected 
.with the extinguishment of the arc. Occasionally, at other 
times, surge lightning will appear unaccompanied by cloud 
lightning, due to bad methods or carelessness in switching, 
accidental grounding of a phase, or a short circuit. — 

There is no definite fixed practice in testing lightning-arresters 
corresponding to the well-known and satisfactory tests of every 
other piece of apparatus used in electrical transmissions. 

The characteristic behavior of a generator, motor, transformer, 
meter, and even of switches, can in general be subjected to tests, 
in order that the apparatus shall fulfil the requirements of use. 
These requirements, such as overload capacity, regulation, 
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accuracy, dielectric strength between the different parts at nor- 
mal frequency, etc., are factors the conditions of which сап be - 
reproduced at will. On the other hand, lightning-arresters are 
designed to protect against the foe, '"'high-tension strain," 
that appears in many indefinite forms, and attacks different 
. parts of the transmission system, according to circumstances. 

Some of the forms of lightning stroke cannot be reproduced 
in the laboratory. Laboratory demonstrations have often been 
made of one particular kind and power of stroke in conjunction 
with a device which protects against that particular condition, 
but not against a number of other conditions met in practice. 
As a result, laboratory methods have fallen into disfavor and 
disuse. This condition is unfortunate, in that apparatus may 
be installed which is intrinsically unable to withstand even 
laboratory tests. It seems safe to adopt a rule used in the 
development of protective apparatus, to the effect that all 
protective apparatus must pass the laboratory and shop tests 
before it can be considered ready for the line test. It seems 
safe to say that sooner or later the arrester installed on the line 
wil be placed under every reasonable condition that can be 
produced in the laboratory test, and besides, it will be sub- 
jected to other strains arising from new conditions, such for ex- 
ample as arise from increased static capacity, distributed 
capacity, and inductance, increased kilowatt capacity of gen- 
erators, auxiliary oscillations, reinforcement of higher harmonics, 
disintegration from brush discharge, bugs, dirt, depreciation 
from use, and so on. 

At the same time as stated above, all the elements are present 
on the line which could produce the effects of the laboratorv 
tests. For example, although the total distributed capacity 
and the total inductance of a transmission line may be such 
as to give a low value of proper frequency, a higher frequency is 
possible by segmental oscillations on the line, as on a violin 
string; or a local circuit may be formed of small capacity and 
inductance, or high frequency may come from a neighboring 
spark, an arc, or cloud lightning. The range of frequency 
which must be considered in lightning protection lies between 
zero frequency (direct current) to about one billion cvcles 
per second. Within this range there are certain values of 
frequency which may be counted on as absent; such, for ex- 
ample, are the frequencies between zero and the generator 
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periodicity, and also those frequencies lying between the odd 
multiples of the generator frequency extending over a con- 
siderable range above the normal frequency. 

The quantities of electricity involved vary from an im- 
measurably small quantity, through the range of comparatively 
small quantities tied up at different points of the transmission 
circuit in the form of electromagnetic and electrostatic energy, 
into the range of comparatively large quantities involved in 
line-current flow over an arrester subsequent to the passage of 
the electrostatic spark. Up to the time the line current starts 
the energy involved is inconsiderable, but the power is usually 
enormous. The successful arrester must be arranged to discharge 
this energy at its natural maximum rate of discharge. Any 
restriction: of power increases the risk of high-potential strains. 

On the other hand, when generator current follows, the almost 
incompatible condition of restricted power and energy must 
be introduced. The necessity for the rapid restriction of the 
passage of the generator power will become more evident when 
the laws governing the conditions of non-arcing qualities of 
metals are considered. This part of the subject, including 
methods of testing will be taken up later. 

Summarizing: the factors of immediate interest are the rise 
of potential, the quantity of lightning electricity, the proper 
frequency of discharge, the frequency of recurrence of the 
lightning stroke, the power of the lightning stroke, the power 
and energy of the generator discharge. 

The subject of lightning protection is particularly difficult 
on account of the uncertainty of the nature of lightning. 
Before apparatus can be properly designed we must know what 
conditions it must meet. Following is an attempt at a de- 
tailed list of the kinds of lightning or lightning effects to be found 
on a transmission line. 


LIGHTNING EFFECTS. 


. Gradual static accumulations. 

. Sudden static induction due to cloud lightning. 

. Sudden static induction due to charging an adjacent line. 
. Sudden electromagnetic induction. 

. Direct cloud lightning stroke. 

. Oscillations due to grounding one phase of a delta system, 
. Surges due to grounding two lines through arresters. 

. Surges due to the interruption of the short-circuit arc. 
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9. Surges due to sparks between a line and an isolated con- 
ductor. 

10. Surges due to discharges through a material of the nature 
of a Branley coherer or bad porcelain; also wireless telegraph 
waves. | | 

11. Surges due to the short circuiting of one or more coils of 
a transformer or generator. 

. 12. Surges due to closing a switch on an open line. 

13. Surges due to closing a switch on a transformer at any 
point in the magnetic cycle but the right one. 

14. Surges due to opening a switch on a loaded line. 

15. Surges in three-phase systems due to third, ninth, and fif- 
teenth harmonics. 

It is not the object of this paper to treat in detail the fore- 
going enumerated lightning effects. It suffices for the present 
to classify the effects according to the frequency, quantity of 
electricity, and time of application, and attempt to reproduce, 
as far as possible, the. same conditions in laboratory tests. 


METHODS OF TEST. 


First." Direct-current static potential test. 
Second. Alternating potential from an alternator. Time of 
application variable, usually long. 
(a) At alternator frequency. 
(b) Metallic ground: harmonics to about the 21st. 
(c) Arcing ground: high frequency (300000 cycles). 
Third. Disruptive-stroke test. 
Simple disruptive-stroke circuit, direct-current or 
alternating-current discharge. 
Dielectric spark lag. - 
Proper frequency, four million or less. 
Time of application of potential, short. 
Frequency of applications of potential variable. 
Fourth. Inductorium test. 
100 000 cycles. 
Continuous application, or variable. 
Fifth.  Half-wave test. 
Electromagnetic recoil—variable unidirectional po- 
tential. 
Time of application, short. 
Sixth. Arc-extinguishing quality test. 
Rectifying limit set by splashing of molten metal. 
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First Test: gradual accumulation of static. These static 
charges on the line are due to the wind, rain, etc., and there 
seems to be no difficulty їп conducting them to earth. There 
is more than one way of accomplishing this; one of the simplest 
is to connect three transformers Y, and ground the neutral. 

The effect of steady static strain on insulation can be repro- 
duced in the laboratory by direct connection to a static machine 
Fig. 1. As a matter of abbreviation, this machine-gap is in- 
variably designated in these notes as the (G) gap. 

Second Test: the second method of test (Fig. 2) is the one 
usually applied to dielectrics; that is, direct connection to the 
secondary of a transformer at commercial frequencies. This 
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test can be made to include the 15th enumeration in the fore- 
going list of lightning effects; that is, the 3d, Oth, and 15th 
harmonics. : 

The voltage should be read in this case by a voltmeter through 
the transformation ratio and also by needle gap. The two values 
may be widely different in either direction. Attention should 
be directed to the cause of the difference. 

If the voltmeter through transformation gives a voltage 
above that indicated by the needle gap when the insulation 
ruptures, it can almost invariably be traced to a leakage of 
current on the secondary. This current will affect the value of 
the ratio of transformation by an amount depending upon the 
regulation and the kilowatt capacity of the transformer. The 
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fault is eliminated by using a larger or better transformer. If 
the fault exists, one must depend on the needle gap to give the 
voltage. If there are no high-frequency oscillations, the needle- 
gap voltage can be depended upon within a few per cent. This 
is sufficiently accurate for insulation tests, because there is a 
wider variation in the dielectric strength of the same material 
at different places, due to the lack of homogeneity. 

On the other hand, if the needle gap indicates a voltage 
greater than that shown by the voltmeter, it is evident that 
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high-frequency oscillations are present. If the whole circuit 
is visible, the observer will see the cause of the disturbance. 
Overflow spark streamers or corona effect produce local 
surges which bridge the needle gap with a blue brush-discharge. 
If the absolute equivalent needle gap 1s to be found, it is necessary 
to increase the needle-gap length considerably. The amount 
of corona effect depends on several factors; the most noteworthy 
are relative dielectric strength of the material, the impressed 
voltage, and the size and dissymmetry of the electrodes. The 
effect of the dissvmmetrv of the electrodes was strikingly 
brought out by a series of tests undertaken in conjunction with 
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Messrs. W. S. Moody and J. J. Frank. In these tests one elec- 
trode was a flat plate and the other a sphere. Static streamers 
would cover more than two square feet of surface without 
puncturing the insulation. The voltage indicated by the needle 
gap was at times 25% greater than the voltage by voltmeter and 
transformatiqn. The question arises, which voltage to take as 
the dielectric strength under working conditions? The answer 
is—neither. The discussion of this involves the study of insula- 
tions with potentials applied for relatively long periods, and 
consequent gradual disintegration. Except as it comes under 
the 6th enumeration; that is, one grounded phase on a delta 
system, it is outside the scope of this paper. 

Due regard to details will save much time in үсе. 

Dr. C. P. Steinmetz іп a paper before the INsTITUTE in 1893 
showed that it was necessary to place fresh sharp needles in the 
gap after each arc in order to obtain consistent results. The 
natural variations in the structure of most insulators 1s consid- 
erable. 

To get consistent results the average of a number of tests 
must be taken, and the renewal of needles for each stroke 
would make the test endlessly laborious. To avoid this labor, 
the same needles are used continuously or renewed only occasion- 
ally. By setting an automatic trip-switch in the primary at 
a current value slightly above the excitation of the transformer, 
and attaching thereto the field switch of the generator, it is 
possible to cut off the energy from the secondary before very 
great damage is done to the needle points. After a few strokes 
the needles are dulled to a condition that they will retain for 
a considerable time. A spark-gap curve of the needles in the 
slightly dulled condition is taken and checked from time to time. 

In the foregoing, the high-frequency oscillations were due to 
the testing electrodes. The same effect on the needle gap can 
be produced by oscillations in another part of the circuit. The 
most common source of oscillation in practice is due to ground- 
ing one of the wires. Grounding one line holds it continuously 
at zero potential; and since the difference of potential generated 
in the transformer remains the same, the other terminal rises 
to an absolute voltage twice as great as in the condition of 
no-ground. Grounding unbalances the internal static capacity 
of the coils relative to the core and earth, and a condenser 
current flows to the earth. The value of this condenser current 
depends upon the size and construction of the transformer, 
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the voltage, the upper harmonics in the generator wave of 
electromotive force relative to the condition of resonance, the 
auxiliary capacity external to the transformer static capacity, 
and the continuity of the ground-circuit. 

Internally in the transformer there are two directions in which 
the displacement current flows from the primary coil to ground: 
Ist, displacement current straight from primary to the iron. 
If the transformer case is insulated, a spark can be obtained 
between the case and ground. 2d, displacement current from 
secondary to primary, thence to the generator, and then another 
displacement current through the generator insulation to the 
ground. This is a condition of two condensers in cascade. 

The law of division of electromotive force between the two 
condensers is inversely as the static capacity of each. Fortu- 
nately the natural conditions of construction of a generator gives 
it a capacity much greater than that of the transformer, and its 
proportion of the secondary voltage of the transformer is corre- 
spondingly small. This phenomenon is far from negligible in 
the shop test where small generators are sometimes connected 
to large transformers. Some time ago while making grounding 
tests on lightning arresters we were charged with the destruction 
of the insulation of a 500-kw. generator of the rotating-arma- 
ture type; sparks jumping from the end of the shaft through 
the air to the babbit- metal bearing were observed by the at- 
tendant. Since we had taken reasonable precautions, we fin- 
ished the tests; the regular high-potential test was then applied 
to the generator, and the insulation was normal. The remark- 
able thing about this occurrence is the unbroken dielectric 
strength of the lubricating film of oil in the bearing. It sug- 
gests a method of ascertaining the condition of lubrication in a 
bearing. І recall having seen some insulation tests by Dr. A. E. 
Kennelly on this oil-film resistance. 

Grounding one phase of the generator does not remove en- 
tirely the danger which may arise from special combinations 
of generators and transformers, because it is possible to ground 
but one phase, and a surge of high frequency mav start from 
another phase and be compelled to discharge through the im- 
pedance of the generator coil. It is better to trust to good 
lightning arresters, properlv adjusted, placed on each phase 
of the generator. If the conditions are excessivelv bad there 
still remains a slight risk due to local surges. Even these 
local surges can be avoided by a method to be described later. 
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Returning to the consideration of the harmonics in the gen- 
erator wave, resonance, and continuity of the ground circuit; 
we find if the ground circuit is continuous (7.e., no arc) that the 
upper harmonics in the ground current wave are apparently 
reinforced according to the frequency that corresponds to the 
resonant condition of inductance and capacity in the equations 


It may be stated in general that there is no very great in- 
crease of needle-gap length due to a metallic ground. This 
is due mostly to the conditions of generator design. The com- 
mercial alternators have comparatively few upper harmonics in 
their voltage waves, and these harmonics are of relatively small 
,value; consequently, although the capacity and inductance may 
" correspond to exact resonance, the resistances and losses involved 
usually prevent any very great increase in potential due to the 
reinforcement of a harmonic by the condenser. Furthermore, 
since the resonant point is very sharply defined, the chances of 
accidentaly obtaining the right capacity for any particular 
harmonic are very small. Fig. P shows an oscillogram of the 
ground current taken by Mr. L. Robinson for the writer. There 
are twelve teeth on this generator per phase, and it will be noted 
that the » —1- 11th: harmonic is reinforced. Fig. О, taken 
on another circuit with the assistance of Mr. C. O. Von Danenberg, 
shows by its wavy nature. the reinforcement of the different 
harmonics with the increase of capacity. These tests were 
-made on the Schenectady lighting circuit. The electromotive 
force is measured by meters in effective values. The needle 
gap, however, 15 sensitive to the maximum value of electromotive 
force, and would no doubt show a much more marked effect 
than a voltmeter. 

If in Fig. 2 the ground is made by the formation of a spark, 
or arc across the ground-switch, this arc will reinforce the 
harmonics. The needle gap must be lengthened as the arc is 
drawn out. The maximum needle gap is obtained at the 
maximum ground arc length. Figs. S and T show the effect 
by means of oscillograms. Oscillograms in Figs. О, S, and T 
are all from the same circuit. They show respectively; metallic 
ground, short arcing-ground, and long arcing-ground. Aside 
from these harmonics there are higher ones which the oscillo- 
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graph is unable to measure. On another generator and trans- 
former, with the assistance of Messrs. L. H. and J. B. Peebles, 
these higher frequencies were measured. They were of the 
order of 300000 cycles, and increased in frequency with the in- 
crease of the gap length. 

Since the needle gap as a potential indicator measures max- 
imum values of voltage, the increase in the values of needle- 


4 


gap voltage, over the potential by voltmeter, when ground 


FIG. P. 


oscillations are present, may be satisfactorily explained by the 
presence of the peaks of the upper harmonics superposed on 
the fundamental wave. Since the harmonics oscillate across 
the fundamental wave, the difference in the effective value of 
electromotive force as shown by the voltmeter will be small com- 
pared to the percentage rise of the peaks of the harmonics over 
the maximum value of the main wave. 

When a multigap connection is made between line and ground, 
the frequency rises above a value measurable with the instru- 
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ment we have. The proper frequency from the calculated 
values of inductance and capacity of the cylinders is of the 
order of a billion per second. At this frequencv, spark and 
brush discharge effects are produced, which lead us to suspect 
that frequency may have something to do with the spark 
voltage. A train of queries is brought up by this phenomenon 
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regarding the exact nature of conduction of electricity when 
the displacement current reaches the first stage of luminosity. 

This part of the subject has a practical bearing on the ques- 
tion; do the proper oscillations of the multigap arrester 
weaken the insulation of the electrical apparatus? We have 
been unable to find weakening of the solid dielectrics due to 
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the high frequency effects. The frequencies are so high that 
the effects are local in character. Something more about this 
may be said when the multigap arrester is considered. 

The effect on the needle gap of grounding one line 1s shown 
on curve sheet 2b. The upper curve shows the relation be- 
tween kilovolts and spark-gap length when all extraneous oscilla- 
tions are eliminated, so far as possible. The second curve 
shows the same relation when one line is connected metallically 
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to the ground. The lower curve shows the same relation when 
one line 1s grounded through an arc. It may be stated ap- 
proximately that if an alternator is the source, any simple 
needle gap represents a range of voltage of at least 100% over 
the minimum voltage. The particular value of voltage in this 
range will depend upon the value and location of high fre- 
quency oscillations in the circuit. These oscillations in the 
above case depend greatly on the length of ground-arc. 
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Looking at this phenomenon from a converse standpoint, 
an experiment can be made in which the gradual increased 
tendency of needle-gap spark becomes visible to the observer. 
In this experiment the needle-gap length is set at a given value, 
and a voltage considerably less than that given by the A. I. E. E. 
spark curves is impressed. А ground-arc is then gradually 
drawn out from one line, and a brush-discharge will start from 
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each needle and increase in value as the arc 15 lengthened. 
Under a different condition which cannot be described in this 
paper, it is possible to cause the brush-discharges to approach 
each other nearer and nearer, and finally to maintain a solid 
blue brush-discharge from needle point to needle point without 
the passage of a spark. The conditions are unstable, however; 
the more intense part of the brush 15 liable to turn into a spark 
streamer. This is indicated at times by a tiny vellow thread 


390 CREIGHTON: PROTECTIVE APPARATUS. [May 29 


which appears in the brush. At other times, especially if the 
voltage rises somewhat, these yellowish threads of light snap 
into a discharge familiarly known to test men as a “ B. D. SI." 
(breakdown at short intervals). This В. D. S. 1. spark differs 
from the ordinary spark at a needle gap in not causing a short 
circuit of the transformer. In the light of other experiments 
on disruptive discharge, the explanation of the phenomenon 
would seem to be as follows: at the initial voltage where a 
brush-discharge is being formed into a spark, or rather where a 
spark is being formed in a brush-discharge, the change of ohmic 
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resistance from a high value to a low value requires an ap- 
preciable time. During this interval the electromotive force 
has receded from its maximum value. The resistance drop 
and the voltage drop are literally racing toward zero. The 
resistance drop gets ahead and an insipid arc 15 formed which, 
however, is extinguished when the electromotive force wave 
passes through its zero value. The same effect can be caused 
in the multigap arrester by means of a synchronous switch, 
described below, which can be arranged to close the circuit 
on the decreasing values of electromotive force. The energy 
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loss in the arc is too small to aid materially in establishing the 
current in the reverse direction. 

In the above case the blue brush-discharge damages the air 
insulation and the needle-gap spark length represents a danger- 
ous condition. On the contrary, however, other dielectrics will 
conduct the same value of brush-discharge without materially 
affecting the dielectric strength. The time of application in 
this case has never been carried beyond an hour. Slow dis- 
integration is possible under constant application over long 
periods of time, but the subject is only distantly related to 
lightning conditions. The needle gap is the only instrument 
that has been relied upon to give maximum values of poten- 
tial. It may do so under conditions described above; if so, 
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it is not voltage alone we want to know, but also how the voltage 
is produced and what the nature of the insulation 1s. 

Third Test. The third method of test of arresters and insula- 
tion 15 the disruptive-stroke test. 

A simple disruptive-stroke circuit 15 represented in Fig. 3. 

The static-machine gap 1s marked G. To each electrode 
of the machine is attached one or more static condensersC, 
and C,. The other plates of each of these condensers is joined 
through a high-resistance path designated as the charging re- 
sistance. Across the charging resistance 1s placed the measuring 
needle-gap Q. 

When the machine starts, the combs collect the static elec- 
tricity and charge the electrodes, one positively and the 
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other negatively. There are two displacement currents through 
the dielectrics, or in other words there are two parallel circuits 
‘of condensers. There is a displacement current across the G- 
gap and its vicinity, representing a small quantity (q) and small 
energy $q V stored up in the G-gap as a condenser. The 
other displacement current is through the insulation of the 
‘condenser C,, through the charging resistance, and through 
the insulation of condenser C,. The energy in this circuit is rela- 
tively much larger; it is represented as before by the equation 
4QV or 4C V^, where C is the capacity of the condensers C, 
and C,in cascade. So long as the potential V across the G-gap 
15 increasing, there will be a current flowing across the charging 
resistance. Consequently there will be an J R drop which will 
appear at the needle-gap О. The ГК drop тау become 
sufficiently great to cause the needle-gap Q to brush or even to 
spark. This is a condition of test which should be avoided 
in general, as it is equivalent to making the Q-gap smaller by 
giving it a considerable degree of conductivity. The simplest 
cure is to charge slowly. High resistance graphite or carborun- 
dum rods, if used as charging resistance, should be closely 
watched. They heat from the static energy and change their 
resistance, and furthermore in the megohm rods some action 
analogous to that of a “ wireless coherer” may be present. 
When the condensers are fully charged, the potential across the 
needle gap is zero. When the potential V across the G-gap 
reaches the disrupture value, either of two effects, depending 
on whether a spark passes at Q or not, takes place. | 
Assume first that the needle gap Q does not spark. The 
machine gap G will be bridged by a weak disruptive spark of 
an oscillatory nature which discharges the small quantity (q) in G 
as a condenser. The condenser G is thus short circuited. The 
bound charges in the condensers C, and C, are released, and 
practically the full potential V appears across the charging re- 
sistance and the needle-gap Q. Since Q does not spark, the 
charging resistance commences to discharge the quantity of 
electricity in the condenser at the rate V/R = I’. Since in 
general the charging resistance is high, both the potential 
across the resistance and the quantity of electricity in the 
condenser decrease along a logarithmic curve as the time goes 
on. The condensers do not have time fully to discharge betore 
the spark at the machine gap G is extinguished and opens up 
the circuit. The potential that existed across the charging re- 
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sistance at this instant now reappears at the machine-gap G. 
Recharging continues from the static machine, and the cycle 
is repeated. 

Assuming in the second place, that the needle-gap Q 1s set 
at a value that allows a spark to pass when the potential from 
the condensers C, and C, is applied. There is a vivid white 
flash at both the machine-gap G and the needle-gap Q, accom- 
panied by a sharp loud report that makes it unmistakable 
with the first condition. The resistance in the main condenser 
circuit is reduced to a small value, thus allowing the discharge 
to become oscillatory. At the same time some current flows 
over the resistance, depending on the equation /’ = V/R and 
drops the potential slightly at the terminals of the resistance 
by a reduction of the quantitv of electricity. 

The current across the needle gap depends upon the fre- 
quency, potential, and condenser capacity. 
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It is comparably much larger than the current over the re- 
; TP 1 
sistance. The frequency N of oscillation is equal to 2: VEE 
where C is the combined capacity of C,and C,,and Г, is the 
inductance of the circuit through G-gap, C,, Q-gap, and С, This 
current should have at least sufficient energy back of it to tear 
a considerable hole in a thick piece of pressboard. The 
oscillations gradually die out as the energy is dissipated in heat 
and radiant energy. 

Some of the values of the several quantities usually used 
by the writer are: V = 150 kilovolts; К = 0.4 megohms; 
initial current over the resistance 0.4 amperes; initial current 
of oscillatory discharge something over 1000 amperes, and 
frequencies from four million per second down. | 

Coming next to the subject of measurements, it is desired 
in this case to measure the “ equivalent needle gap’’ of the 
resistance. The term equivalent needle gap is one that has 
been so loosely applied as to have no real significance. 
Oliver J. Lodge introduced the method of test, in what he 
termed the alternative path experiments*. "The equivalent 
needle gap may naturally be taken to mean that the needle 
gap is set at such a value that the discharges choose the needle- 


*See Lodge's Lightning Conductors. 
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gap path as often as the other path. This is a quantity which 
has little practical value in lightning-arrester testing. The 
necdle gap is supposed to represent the value of voltage that 
is applied to the insulation by a disruptive stroke. What we 
desire to know in the case of an arrester is the value of the needle 
gap placed in parallel with it such that the needle gap will never 
spark; that is to say, it is supposed to measure the voltage 
limit at the terminals of the arrester. Fig. 3a shows curves 
which emphasize the difference in equality and limiting values 
of needle gaps. The abscissas represent the lengths of the 
machine-gap G, which are proportional to the impressed poten- 
tials, and the ordinates represent the corresponding values of 
needle-gap lengths. The upper curve is the limiting or ab- 
solute equivalent needle gap, the next curve below is a favor- 
curve in which the spark discharge favors the resistance ten 
strokes to one over the gap, the lower curve is a reverse favor- 
curve in which the discharge favors the needle ten times to one 
over the resistance. Lodge’s alternative-path curve should 
lie midway between the favor-curves. There seems to be a 
certain number of accidental conditions which help or prevent 
the spark at the needle gap. There is fortunately a very great 
consistency in the recurrence of these accidental conditions, so 
that values of equivalent needle gap can be checked within a 
few per cent. if the other conditions, relative to the test are 
reproduced. Since it is the limiting needle gap that is of in- 
terest and is used most often, it seems preferable for brevitv's 
sake to use the term equivalent needle gap to mean the limiting 
value; t.e., the value of needle gap that will just not take a 
spark in 50 disruptive strokes. Any other condition may be 
designated as in the favor-curves described above. 

It will be scen from the curves of Fig. 3a that the equivalent 
ncedle gap of a resistance depends upon the quantity of elec- 
tricity to be discharged. The quantity of electricity in this case 
depends upon the impressed potential; an increased quantity 
might also be obtained by increasing the condenser capacity. 
By these means the equivalent needle gap of resistance lies 
anywhere between zero and the value that will cause the re- 
sistance to spark over, according to the quantity and voltage 
of the discharve. 

The capacity and quantities of electricity available in the 
laboratory are usually quite small compared to the same quan- 
tities on a transmission line. Nevertheless the laboratory 
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tests are of importance, in that the relative conditions can be 
roughly compared and some idea formed of what might occur 
if the same resistance were used in a lightning arrester on a trans- 
mission line. There is one rule, at least, that is safe to adopt 
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concerning an arrester; viz., that if it cannot pass the laboratory 
tests it is sure to fail sooner or later on the line. The effect 
of resistance in an arrester circuit will be discussed again under 
the heading Dielectric Spark Lag. 
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There is another factor that must often be taken into account 
in equivalent needle gap tests of resistance, viz., the reactance. 
If a 100 kilovolts from a condenser is impressed on 10 feet 
of copper wire, each foot of wire will ‘have a drop of about 
10 kilovolts. Care must be taken to attach the needle-gap 
terminal directly to the resistance and not back on the leads. 
The resistance itself should be arranged in the form in which 
it is to be used. The ohmic drop can be separated from the 
reactance drop by the following method: take the equivalent 
needle gap of the resistance, then wind a heavy copper wire into 
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the same general contour and take the equivalent needle gap 
of the wire. 

In the equation, impedance drop — vV (ohmic drop)?+ (reac- 
tance drop)?, the impedance drop is represented by the first 
value above and the reactance drop bv the second. Using a 
` known resistance, the writer has checked the above method 
and found the results approximatelv correct. 

Dielectric Spark Lag. As soon as numerical values of voltage 
and resistance were used in the tests as described above, dis- 
crepancies began to arise. In the disruptive stroke tests the 
voltage represented by the equivalent needle gaps is alwavs 
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less than the initially impressed voltage. In Fig. 3b is given 
the logarithmic discharge curve of voltage across the charging 
resistance with time as the abscissa. With an impressed volt- 
age of 150 kilovolts, the needle gap had to be set at a length 
which required only 65 kilovolts steadily applied to cause a 
spark. It seems reasonable to assume that the interval between 
150 and 65 kilovolts on the curve, is a measure of the time it 
takes the needle gap to ionize and start to discharge. The 
time is 200 microseconds. The dielectric spark lag varies 
greatly with the materials of the dielectric and its condition. 
For example, oil has a dielectric spark lag much greater than 
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air. Air has a dielectric spark lag which depends upon the 
nature of the light which falls on the electrodes. Hertz 
first called attention to the effect of the ultra-violet light 
from the spark at the machine gap assisting the needle gap 
to spark. In making arrester tests it is necessary to avoid these 
effects by placing a shield in such a position around the machine- 
gap G as to screen its light from the apparatus under test. The 
inductance of the arrester circuit adds a further time-element 
to the discharge. An arrester must be so placed in reference 
to the apparatus it is to protect that its dielectric spark lag - 
is less than that of the insulation of the apparatus. 

Following up the study of the dielectric spark lag we learned 
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that the most dangerous condition of some types of arresters 
is, anomalously, not a heavy disruptive stroke but that stroke 
which will barely cause the arrester to spark. At this point 
the equivalent needle gap of the arrester is a maximum and 
the dielectric spark lag 1s also a maximum. 

Fig. 3d shows the connections for test of a simple series of 
gaps between insulated brass cylinders and also shows the 
characteristic curves of the equivalent needle gap of a simple 
 multigap set. It will be noticed that the equivalent needle 
gap curve (using increasing G-gap as abscissa) follows the 
equivalent needle gap of the charging resistance up to 3.2 in. 
then suddenly drops to a little more than a half the maximum 
value (1.8 in.) and retains this value sensibly, no matter how 
heavy the stroke. The arrester gaps do not begin to spark 
until the equivalent needle gap curve approaches its highest 
value. This test makes prominent two things: first, the 
necessity of designing the arrester to keep its equivalent needle 
gap within the safe value of the insulation it is designed to 
protect; secondly, the necessity of noting the value of im- 
pressed voltage that starts the arrester to sparking. The im- 
portance of the initial value of the impressed voltage and the 
dielectric spark lag will be more evident in tests of insulation 
to be described below. | 

If a resistance be added in series to the multigap the equiva- 
lent needle gap curve passes over a peak value as before and 
drops to about 50% of the peak value, but instead of maintain- 
ing this low value of equivalent needle gap, the curve gradually 
rises again as the quantity of electricity increases. So far as 
the lightning stroke itself is concerned, this experiment an- 
swers all questions regarding series resistance in lightning-ar- 
rester circuits. Any series impedance is detrimental. The 
heavier the stroke, the smaller must be the impedance. If the 
secondary line effects can be otherwise avoided, series resistance 
should be eliminated. 

In practical testing there are a number of details which must 
be considered. The first and foremost is that the equivalent 
needle gap does not necessarilv measure the puncture power. 
The electrostatic spark and the electromagnetic spark differ 
considerablv in this respect. The recoil of a hghtning-ar- 
rester choke-coil will under some circumstances give a long jump 
spark over a necdle gap, but with solid or liquid insulations inter- 
posed the same potentials do apparently no harm. Any doubt 
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regarding the puncture power of a stroke from the apparatus 
should be initially removed by placing the particular insulation 
that the arrester is to protect in the path of the discharge. 
If the insulation is punctured on the first stroke there can be 
no doubt regarding the puncture power. In this respect it is 
well to note that the energy or disruptive discharge must be 
derived from the condensers. In reducing the “ proper fre- 


quency ” of the circuit, care should be taken always to keep 
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the increase in capacity greater than the increase in inductance. 

Fig. 3e shows a typical circuit involving most of the variable 
elements. In this circuit the impressed potential can be varied 
by the machine-gap G. A given length of machine-gap G, 
however, does not always represent the same voltage. Aside 
from the change in spark voltage due to pitting of the elec- 
trodes, collection of dust particles, ultra-violet rays, etc., there 
is another cause of variation which must either be guarded against 
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or allowed for, viz., the frequency of stroke. After each stroke 
the atmosphere between the G-gap is left in a condition of ioniza- 
tion above the normal state. To return completely to a normal 
state, an interval between strokes of several seconds is some- 
times necessary. 

The proper frequency can be lowered by increasing the ca- 
pacities (C, C, C,) etc., and the inductances (L,). The time of 
application of potential by varying the charging resistance 
(C. R.). The protection by the introduction of different tvpes 
of arresters at (L. A.) each carrying its own inductance and 
resistance or artificial values to represent the line connections. 
The actual insulation to be protected should be introduced 
with an inductance L, to represent lightning-arrester choke-coils. 
An equivalent needle gap is desirable to give an indication of 
the factor of safety of the arrester, t.e., the puncture voltage 
of the insulation divided by the equivalent needle gap voltage. 
The puncture power is represented by the combination of the 
machine-gap С, the capacities (C, C, С,) etc., and the value 
of the charging resistance (C. R.). The stroke frequency 15 
determined by the speed of rotation of the static machine. 
It is affected also by variation in the machine-gap G and the 
electrostatic capacities. | 

All the above quantities will affect the results of the tests. 
Variations in each of the factors would give an infinite number 
of combinations. Practically, the number of tests can be re- 
duced to a reasonable value by using wide variations onlv of 
factors. 

In making tests of equivalent needle gap by means of the 
disruptive stroke method it is sometimes necessary to have im- 
pressed on the arrester the normal voltage and generator fre- 
quency. Assuming that arc-extinguishing power is not the 
desideratum of the test, Fig. 3f shows a connection which gives 
all the static effects from the generator without risking the 
insulation of the generator or transformer by subjecting the 
insulation to the direct stroke from the static machine. The 
difference in circuits 3e and 3f lies in placing the charging re- 
sistance in series with the transformer leads and introducing 
a condenser, marked ‘auxiliary condenser," in the figure. 
This auxiliary condenser is designed to store the static energy 
which comes from the transformer, and introduce alow resistance 
circuit near the lightning arrester to permit of local surges 
taking place freely. It 1s absolutely essential, however, to make 
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the capacity of the auxiliary condenser small as compared to 
the main condensers С, and C,, or the potential of the dis- 
ruptive stroke will be very sensibly diminished. The sole 
object in this application of the transformer is to put the ar- 
rester gaps near the line in the active condition in which they 
will be found in practice. The choke-coils and second light- 
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ning arrester (L. A.), is added to the circuit as an extra safe- 
guard. 

Another method of protecting the transformer from the 
disruptive stroke is often used when it is desirable to test some 
unknown arrester apparatus requiring alternating current. 
In this case the series resistances in the transformer cir- 
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cuit, as shown in Fig. 3f, must be removed. This method of 
sparking an arrester may be called the double-discharge method. 
The circuit connections are given in Fig. 3g. Charging resist- 
ance, if used, must be high relative to the voltage of the trans- 
former. 

Instead of charging resistance, needle points, or their equiva- 
lent in fine wire, may be placed in a suitable location and the 
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condensers charged up through brush-discharge. One precau- 
tion necessary to take with this method is to provide a dis- 
charge spark powerful enough to extend in both directions 
across the arrester; otherwise one condenser will discharge 
around through the transformer. | 
Following are two selected tests which show the characteristic 
behavior of two insulating materials under specified conditions. 
(a) Effect of a number of disruptive strokes on untreated press- 
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board insulation. Before the disruptive-stroke test was applied 
to this pressboard the normal frequency transformer test was 
applied and the dielectric strength determined. So long as 
the initial voltage of disruptive stroke was not greater than this 
value no damage resulted, but when the initial value of dis- 
ruptive stroke was raised above this voltage it was only a matter 
of more or less strokes before the insulation was pierced—the 
greater the impressed voltage the less the number of strokes 
required to puncture. 

The side of the problem of vital interest is the question of 
protection. Can we impress on an insulation a voltage that 
will puncture it by the first stroke if it is unprotected by an 
arrester, and then place an arrester in multiple and determine 
the degree of protection? Instead of an actual arrester a gap 
of variable value was used in the data given below. In the 
first test the insulation was placed between needle points and 
a needle gap was placed in parallel. In the second test the 
same pressboard was placed between . 1.4-in. spheres and a 
sphere gap used in parallel as protection. These tests gave very 
definite results from which curves were drawn. І take from 
these curves the following values: 


No. of strokes to Needle-gap Sphere-gap 
puncture. protector. protector. 
1. 0.7 1n. 0.5 in. 
2. 0.65 1n. 0.42 in. 
7. 0.55 1n. 0.31 1n. 
19. 0.50 1n. 0.28 in. 
60. 0.45 1n. 0.18 in. 
130. 0.40 in. 0.16 1n. 
ур 0.35 1п. 0.15 іп. 


These tests show that for this kind of hghtning stroke, and 
an arrester with an equivalent needle gap not greater than 
0.35 in., this insulation would always be safe. If the equivalent 
needle gap curve for increasing potentials and quantity of elec- 
tricity does not rise, L.e., remains constant, then the arrester 
will be safe for all ranges of quantity and potential. The ar- 
rester must answer also the requirements of the other tests 
herein described before it can be placed in the class of a uni- 
versal discharger. 

These tests show also that an arrester may be giving apparent 
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satisfaction and vet allow the insulation to be damaged to a 
certain extent by each stroke. . 

The arrester designer can thus state with considerable defi- 
niteness in most cases just how little insulation can be protected 
by a given arrester, and the problem is for the apparatus 
designer to install this insulation in the proper place in the 
apparatus. This part of the subject would not be complete 
without mention of the work done by Mr. W. S. Moody in the 
distribution of insulation in transformers. It has greatly light- 
ened the arrester-man's burden. | 

There are methods of testing the risk of insulation in dif- 
ferent parts of the windage that are subjected to lightning 
stroke, but the matter 15 too much involved to be treated in this 
paper. 

(b) An experiment with an oil gap subjected to disruptive 
stroke which shows the effect of frequency of stroke. An oil 
gap between spheres had impressed upon it a disruptive poten- 
tial of a value greater than the dielectric strength as determined 
by steadily applied potential, but applied for an interval of time 
less than the dielectric spark lag of the oil. Upon this oil gap 
was impressed different frequencies of strokes, with the following 
results: 


Strokes per Punctures of Per cent. 
minute. the oil. puncture. 
6. . 0. 0. 
34. 14. 41. 
52. 5%. 70. 
111. 102. 92. 


A plausible explanation of the effects found in this experi- 
ment seems to involve the dielectric spark lag and the self- 
repairing quality of the dielectric. Oil, like air, will repair 
the insulation if the potential is removed. The highest density 
of displacement current is naturally at the electrodes. Even 
if the oil lies between parallel plates, the seat of the energv 
must be the electrodes, and, assisted bv the inevitable uneven- 
ness of surface, the phenomena of failure of the oil as a dielec- 
tric should start with the electrode. In the failure of the oil, 
the molecules are disrupted, some of the atoms appear as a 
gas and the remainder remain in the oil in the form of some 
hydrocarbon compound. If no arc follows, no visible deposit 
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of carbon can be found in the oil Since this gasification 
starts at the electrodes, and the potential is removed before a 
spark passes, it is necessary to wait but a short time and the 
oil has recovered its dielectric strength. If, on the other hand, 
a stroke follows before the effect of the preceding stroke has 
cleared away, each succeeding stroke will find an easy path . 
in these semi-conducting layers near the electrodes. 

The effect of frequency of stroke is very prominent in this 
experiment, in spite of the fact that the maximum potential 
- between machine electrodes (the G-gap) is less at a frequency 
of 111 strokes per minute than it is at 6 strokes per minute. 
The explanation of this difference in potential is made in some- 
what the same way as above—the air has not time between 
strokes fully to recover its normal dielectric strength. 

Fourth Test: Tbe fourth method of test is that of the inducto- 
rum or Thompson transformer, a typical circuit of which is 
shown in Fig. 4. The inductorium circuit is shown inside the 
rectangular lines. This test can be made to reproduce fairly 
well the condition of a transmission line with a phase grounded 
through an arc. | | 

Fifth Test: Half-wave Test. This is a test to which no at- 
tention has been given, yet it is of importance in transmission 
work. А typical half-wave testing circuit is shown in Fig. 5. 

The test has for its object the reproduction of low-frequency 
surge conditions. In introducing this method of test the 
writer had in mind an incident of a test he made two years 
ago on a 33-kilovolt, 50-mile transmission hne. The experi- 
mental work was done on an idle parallel line with separate 
generators. Induction between lines carried a momentary 
surge to the working line, and, due to a faulty relay, the oil 
switches on the main line were opened at the power house. The 
experimental line was unaffected by the surge. Thirty miles from 
the power house a transformer jumped an arc 9 in. across its 
leads. Since the power was cut off, the transformer was un- 
injured. — This seems to have been a case of recoil of the line 
and transformer, and the spark was transformed into an arc bv the 
energv of the momentum of the sub-station synchronous con- 
verters. 

Sixth Test: The Arc-extinguishing Quality. Anyone can design 
an arrester that will, in general, protect against lightning stroke. 
The difficulty lies in combining the protective quality with that 
of the quiet suppression of the arc which usuallv follows a 
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lightning stroke over an arrester. The arc does not always 
follow, for reasons that will be given below. The arrester-man 
holds the unenviable classical position between the devil and 
the deep sea. If he goes too high with the number of units or 
resistance he gets a shock with a punctured transformer; if 
the number of units and resistance is too low, it is a burned- 
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up arrester. In either case the transmission system 1s usually 
shut down. 

The usual method of suppressing the dynamic arc 1s by means 
of a number of series gaps between brass cylinders. In the 
light of recent work the name non-arcing metal applied to the 
brass is inappropriate. Dr. C. P. Steinmetz has pointed out 
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that it is a rectifying effect. The rectifying power depends 
upon the dithculty met in reversing the arc stream. Опсе estab- 
lished in either direction the current flows without any appre- 
ciable difficulty. The three principal materials in the order 
of their rectifying power, are zinc, magnetite, and mercury. 
Zinc, however, is not the best material to use in an arrester. 
This is due principally to its low-melting temperature. In a 
lightning arrester the rectifying quality is obliterated by the 
splashing of the molten metal across the air-gap. There is a 
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very definite amount of energy that can be expended іп each 
gap during a half cycle of the generator before the metal will 
splash across the gap and short circuit the cylinders. This 
energy is easilv measured with a ballistic wattmeter. In early 
developments of power when the generator capacity was small 
and regulation poor the simple multigap arrester worked very 
satisfactorily, due to the drop in potential and the limited 
energy. With the increase in the kilowatt capacity it was 
necessary to increase either the number of gaps or add resistance 
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to limit the expenditure of energy at each gap to the rectifying 
limit, or rather to the splashing point. 

It is not the object to discuss the multigap arrester in this 
part of the paper, but only to point out the essential conditions 
attending rectification and give a method of test of the same. 

In testing arc-extinguishing quality the first requisite is 
sufficient power to sustain an arc over the simple multigaps 
used. The second, is a ballistic wattmeter to measure the 
energy lost per stroke. The third requisite is a suitable set of 
resistances to use in parallel or series with the multigaps. The 
fourth requisite is a synchronous switch. This synchronous 
switch consists of a rotating insulating arm carrving a con- 
ductor which sets off the static spark at any desired point of 
the electromotive-force wave. This arm is carried by either 
the generator shaft or an auxiliary synchronous motor. 

By this means we have studied the discharge which follows the 
static spark. Starting with the zero value of the electromotive 
force no current follows the spark. With twelve gaps in series 
on a 2 400-volt circuit it is possible to move back up the electro- 
motive-force wave to a considerable percentage of the maximum 
value before the line current begins to follow the spark. 

This is a point on the curve as definite as shown in the oscillo- 
grams of current and electromotive force in an alternating- 
current arc made bv M. A. Blondel in 198. As shown in these 
oscillograms, the current 1s extinguished before the electromotive 
force reaches its zero value. Since the current at this point 
is extinguished as soon as established, the energv lost will be 
so slight that the cvlinders will be able to conduct the heat 
away and radiate it between strokes. 

If, however, the svnchronous switch 15 carried still farther 
back on the electromotive-force wave, the current will be of 
correspondingly greater intensitv and duration. The maximum 
expenditure of energy will take place when the point on the 
rising part of the electromotive force wave is reached where 
the spark just causes an arc. The current then is on the longest 
time possible in the half wave. Апу point lower on the electro- 
motive force wave allows a spark to pass without an arc follow- 
ing. These tests indicate why some arresters have been satis- 
factory for long periods and finally burn up. It is a case of the 
law of chance. 

There 1s another piece of apparatus that 1s desirable to have, 
viz., an oscillograph to indicate whether the arc is extinguished 
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at the end of the first half cycle or not. Since taking an os- 
cillogram for each stroke involves considerable time and some 
expense, a substitute can be made of some form of appar- 
atus utilizing the difference in the electrochemical effect of a 
direct current and an alternating current. If the ballistic 
wattmeter deflection has once been noted when the duration 
of current was known to be but a half cycle, neither of the 
devices above are reallv necessary to show whether the current 
carries over more than a halfcycle. 

Another factor affecting the arc-extinguishing quality is the 
frequency of stroke. Two rapidly succeeding strokes will do 
more damage and constitute a greater risk of permanently es- 
tablishing an arc than a dozen or more strokes at intervals of 
several seconds. The required severity of the test is a matter 
of judgment. It would seem to be sufficiently severe to de- 
mand that the multigap arrester extinguish a double stroke at 
least once without excessive damage to the arrester, and that 
the arrester should have an endurance of perhaps a thousand 
strokes taken with such an interval between strokes as to allow 
the cylinders to radiate the heat energv from the arc. 

In making developments it 1s expensive to burn up an arrester 
each time the inside limit of arc-extinguishing power is reached, 
consequentlv a series of tests were made using fuses of in- 
creasing sizes in series until a limit was reached such that the 
arrester was put out of commission. A fuse of less area was 
chosen that would '' blow " when the arc persisted over more 
than a half cvcle; it was an indicator of molten metal splashing 
and the danger point. During the short interval of a half 
cycle the heating is confined to the surface; and although the 
cylinders would be damaged if left on the circuit they are not 
seriously damaged when the fuse cuts off the current. 

In closing this paper the writer wishes to take this, the first 
opportunity of expressing his grateful indebtedness to the 
assistance received (somewhat directly and greatly indirectlv) 
from three engineers with whom he has served as assistant in 
the past few years, namely, Dr. F. A. C. Perrine, M. Andre 
Blondel, and Dr. C. P. Steinmetz. 
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PROTECTIVE APPARATUS FOR LIGHTNING AND 
STATIC STRAINS. 


BY H. C. WIRT. 


There seems to be a diversity of opinion in the operation of 
transmission systems regarding lightning effects A com- 
mittee of the National Electric Light Association made a re- 
port to the association last year regarding the operation of 
protective devices. The committee has been continued 
and will make another report this year. This indicates 
that electric service is interrupted by lightning, and a desire for 
improvement in protective devices. The published accounts of 
protective devices usually contain little regarding actual oper- 
ating results. Each account 15 generally a description of the 
arrester and the principle of operation as regards extinguishing 
the dynamic arc which follows the lightning discharge. 
Information that would be of great value to operating engi- 
neers is the result secured from arresters in actual service. 
But little has been published in this regard. 

The protection of high-tension transmission lines is par- 
ticularly difficult, and results show that at times the best known 
types of arresters for this work fail to protect the system. For 
the protection of these lines the most common tvpes of arresters 
are the following: 

1. Multigap with series resistance; 

2. Multigap with shunt and series resistance; 

3. Multigap without resistance; 

4. Horn-gap lightning arresters without resistance; 

5. Horn-gap with series resistance; 

6. Two horn-gaps in series to ground with resistance shunting 
one of the gaps. 
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7. Water stream from line to ground; 

8. Overhead grounded wire. 

It will be seen from the above list of lightning-arresters, that 
all make use of resistance, except the multigap without resist- 
ance (arrester No. 3), and the horn-gap without resistance 
(arrester No. 4). The writer has had experience extending 
over a period of 16 years, with several types of arresters. Two 
years ago it became important to make a study of the entire 
situation to see along what lines 1t would be promising to work 
to develop an arrester of an improved type. The experience 
gained during recent years was a basis for the investigation. 

In the study of this problem too much weight should not be 
given to laboratory tests; for the reason that it is practically 
impossible to approximate the condition of a transmission system 
during a lightning storm. In the past, some arresters which 
have tested out well in the laboratory have failed in actual opera- 
tion. The laboratory can be used for the study of problems, 
but the actual confirmation of results should be secured by 
trial installations on several transmission systems. We should 
not, therefore, jump at conclusions drawn from laboratory 
tests. | 

The effect of lightning discharges depends upon the fre- 
quency, and the volume of current. In the case of those arresters 
using series resistance it 15 apparent that the voltage rise around 
the resistance may be considerable, depending upon the amount 
of current passed; and this voltage rise 1s independent of the 
retardation afforded bv the so-called skin effect. My ob- 
servation has been that arresters emploving series resistance 
sometimes fail to protect the apparatus. I believe this is due 
to the rise of voltage around the resistance, together with the 
skin effect. By making the resistance low, the rise of voltage 
due to the resistance can be reduced. Whether an arrester 
of extremely low resistance will protect remains to be proved. 

Knowing this effect of series resistance, in developing a new 
arrester it was natural to study the operation of multigap 
arresters without resistance. This type of arrester has been 
very generally used for 2 200-volt circuits with six gaps to 
ground, making twelve gaps from line to line. Reports obtained 
from the operation of these arresters show that they occasionally 
short circuit and hold the dynamic arc, so that fuses of even 100 
amperes capacity placed in circuit with them have been blown 
during the discharge. These arresters were made of non-arcing 
metal. | 
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From these reports it is evident that some changes in the 
design of this arrester had to be made to make it satisfactory 
as regards limiting the dynamic current. The short-circuit- 
ing effect can be decreased by increasing the number of gaps 
at the expense of making the arrester less effective as regards 
protection. 

It is known that disturbances are caused on a system by 
allowing too large a flow of current across arresters; therefore, 
the requirement that an arrester should take a limited amount 
of dynamic current naturally suggests itself. The writer con- 
sidered that a three-ampere fuse wire placed in series with the 
arrester should not be melted on the discharge of a static ma- 
chine across the gaps to start the dynamic arc. With this re- 
quirement in view, tests were made to see how many gaps would 
have to be placed in series properly to limit the current. During 
the 2 200-volt test, gap after gap was added, until 48 gaps from 
line to line were used before the current was properly limited. А 
consideration of the expense and size of this arrester showed im- 
mediately that it would be uncommercial. 

Experiments were then conducted to see how the number of 
gaps could be reduced by the use of resistance in shunt to some 
of the cylinders. It was found that nine gaps, six of 
them shunted bv carborundum resistance, would limit the 
current to the proper amount so as not to blow a three-ampere 
fuse. Usually there will be two such combinations in series, 
giving 18 gaps from line to line with 12 of these shunted by 
resistance. Making further tests on this arrester, it was found 
that low-voltage discharges from a Leyden jar would pass 
through the series gaps and resistance, but high-voltage dis- 
charges would pass through all the gaps, thus producing an 
arrester which allows a direct discharge across the gaps to 
ground without taking too large a dynamic current. It is 
realized that the lightning discharge itself may give a spark 
across the gaps which will allow greater dynamic current to 
flow than during the Leyden-jar test. The amount of lightning 
current can be determined only by actual tests on lines. Five 
hundred of the multigap arresters with shunt resistances for 
2 200-volt circuits were placed in service last season and oper- 
ated practically without trouble. 

As lines mav become grounded, cutting out half the protec- 
tion from line to line, to withhold the dynamic current it is 
desirable to make a single-pole arrester stand the full voltage 
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of the circuit. In making tests on non-arcing qualities, two 
single-pole arresters should be connected in series and these con- 
nected directly across the circuit, so that the full voltage will 
be applied at the terminals of the combination. It is usual 
to test arresters by discharging Leyden jars across the gaps 
and allowing the dvnamic current to follow. If the arrester is 
unable to break the dynamic arc it will soon burn up or blow 
fuses, as a short circuit will be caused. 

In a test of this kind a large-capacity generator should be 
used to represent commercial conditions. The following test 
made in this manner may be of interest. Arrester (Figs. 1 to 3) 
consists of a number of carbon discs separated by sheet mica. 


Fic. I. 


The combination shown 1s what 1s regularly intended for 2 200- 
volt circuits. Upon the discharge of the Leyden jar the ar- 
rester short circuited, arcs being driven out from the discs 
with great violence. The capacity of the generator was 400 kw., 
and arresters were tested at a point about two miles from the 
central station.  Arrester (Figs. 4 and 5) is the standard non- 
arcing metal arrester with 6 gaps from line to ground, giving 
12 gaps from line to line. This arrester blew fuses of 50-ampere 
capacity. Атгеѕїег (Fig. 6) is the multigap arrester with a 
carborundum rod shunting some of the gaps. The arrester has 
9 gaps from line to ground, 6 of them shunted by resistance, 
giving 18 gaps from line to line including 12 gaps shunted by 
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resistance. This arrester did not blow 3-ampere capacity 
fuses. Arrester (Fig. 7) is the usual type designed for 2 200 
volts, having two series gaps with series resistance. It is 
noticeable from the photographs that the spark between gaps 
is much smaller in this arrester than in the multigap with 
shunt resistance. In other words, the dynamic current is 
limited by the resistance, but this resistance may also sometimes 
unduly limit the flow of the lightning current. In.this connec- 
tion a few cases have been reported in the use of the arresters 
as line arresters where the lightning has jumped from the ter- 
minals of the carborundum rods to the iron boxes, particularly 
where the line wires enter the box. During the season a few 
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arresters have been reported as operating in this manner. The 
lightning jumped from the terminals to the iron box, a distance 
of about $ in. on each side, making a short circuit from line 
to line in preference to going through the carborundum rod 
and the ground connection to ground, or from one carborundum 
rod through the gaps to the other carborundum rod and line. 
This can only happen when the potential built up across the 
carborundum rod becomes high, whether skin effect enters in 
or not due to the resistance of the rod when a large current 1s 
flowing. 

A consideration of these points has led to the development 
of the multigap shunted-resistance type of arrester. If the bad 
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effect of series resistance is admitted, all arresters employing 
this method of limiting the dynamic current—such as water 
streams, permanent resistance of any kind from line to line, 
series resistance and the solenoid switch arrester which has 
been used somewhat for 2 200-volt circuits in recent years— 
will be ruled out of consideration. The solenoid-switch type 
of arrester is arranged so that upon the passage of the lightning 
stroke followed by the dynamic current, the solenoid is lifted 
` апа a momentary air break is made in the circuit. In order 
to limit the dynamic current, series resistance is employed 
together with resistance around the terminals of the magnet 
to shunt the reactance of the magnet, as well as protect the mag- 
net itself from the lightning stroke. Series resistance arresters 


will no doubt take care of many effects of low voltage and low 
frequency, but my observation has been that they will not take 
care of all effects. Further proof of this can be cited by the 
observation of a 12 000-volt, three-phase arrester which hap- 
pened to be installed near channel-irons which were grounded. 
When the lightning stroke came into the station, an arc jumped 
from the terminals of the arrester a distance of 4 in. from each 
phase to ground in preference to passing through the arrester 
to the ground wire. This arrester had multigaps and series 
resistance. 

In connection with the protection of high-voltage transmission 
circuits the new points that have developed in the past two 
years are the following: | 
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First, the effect of a ground on a three-phase line with un- 
grounded neutral. It has been found in practice that when a 
ground connection is made on one of the three phase wires, 
arresters in the station have arced over as far as the multiplex 
connection, т.е, the circuit being from line to line, and, this 
voltage being maintained continuously, the arrester is unable 
on account of its close adjustment to break the dynamic arc, 
so that the cylinders are welded together and the resistance 
destroyed. This result led to experimental investigation 
and it was found that approximately double potential, as deter- 
mined by means of spark gaps, was secured from a line grounded 
in the above manner. At first it was thought that the line 
effects were the cause of this high voltage, but the same results 


have been secured from a single transformer and even from a 
high potential testing transformer. Apparently, the voltage is 
of such high frequency that it is not shown by standard types 
of voltmeters operated from secondary of transformer, known 
as ratio voltmeter, or by electrostatic voltmeter, and was dis- 
covered by means of a spark gap. It was found that this 
voltage was approximately double the working voltage. It is 
evident, therefore, that when lines become grounded in this 
manner the arrester has to stand approximately double poten- 
tial, so, therefore, it may be desirable if possible to adjust the 
arresters so that they will not arc together when this ground 
is made. The writer believes that this effect is not generally 
understood by operating engineers. 
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If the arrester is set up high enough so that when a ground 
occurs the static voltage will not go over it, then the adjust- 
ment may be so close to what the insulation will stand that 
there is little chance to protect. If the insulation factor was 
placed much higher there would be greater opportunity for the 
adjustment of the arresters. 

A consideration of the above point brings up immediately 
for discussion the question of grounded Y systems as com- 
pared with systems operated with ungrounded Y, or delta 
connected. With the grounded Y system the static volt- 
ages are not created when a ground occurs; for in such a case 
an absolute short circuit is made and the circuit breaker or other 
protective device opens the line. The disadvantage of a grounded 


Y circuit is that any ground, unless high resistance 1s interposed 
between the ground and the Y at the station, will shut off the 
circuit by opening the circuit breaker; whereas there have 
been cases where an ungrounded system, either Ү or delta con- 
nected, has continued to operate with one line of the ground. 
In discussing the above points with operating engineers they 
seem to be about equally divided in their opinions as regards 
one practice or the other. The systems in California are quite 
generally operated with grounded Y, but in that locality rain 
and lightning storms are very infrequent.  Arresters go through 
entire seasons without a discharge over them, so that I think 
we should not use that locality as an example of what would 
occur in Eastern localities where thunder storms are very 
frequent. Plants around Salt Lake City are operating some 


1906.] WIRT: PROTECTIVE APPARATUS. 419 


in one way and some in another, and several of the operating 
engineers who are using both grounded Y and delta con- 
nected systems, feel that the delta system is preferable and 
wil use it in future extensions. Another important point in 
connection with lightning protection is the effect of short cir- 
cuits on the system. The writer had placed at his disposal for 
testing purposes a 13 000-volt system, five miles in length. 
Two short circuits were made, at different times, and each 
time apparatus burned out on the system. The arresters on 
the system were not of the improved type with the best ad- 
justment. These experiments are to be continued, as a sys- 
tem ought to operate, if possible, so that short circuits which 


T _ 


" 
Е + ." 


І s 3 j| 
: ' 1 
А, L^. 
M КАС) у 
cue to à c Чы a 
Du - ef | 


Fic. 8. 


are likely to occur will not burn out apparatus. In actual 
service short circuits have occurred in some cases with dis- 
astrous results. Reports have reached me regarding short 
circuits caused on other systems which have not burned out 
apparatus. 

In developing the design of the shunt resistance type of 
arrester for high tension transmission systems, the following 
features were given consideration: 

In order to limit the dynamic current to proper value a 
very large number of gaps had to be used. In the New Milford 
installation, where the arresters were used without the 
shunt resistance, 672 gaps were placed in series from line to 
line and from line to ground, as it was thought that this num- 
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ber would be required to prevent a short circuit on the sys- 
tem. It was discovered on test that the Leyden-jar discharge 
would go over a much greater total distance in individual gaps 
than over a single-gap, that the cylinders had very great electro- 
static capacity and that the breakdown point varied as regards 
the size of cylinders, width of gaps, etc. 

The theory of the operation of this arrester is that the cylin- 
ders are charged up electrostatically with sufficient voltage 
so that the gaps are broken down in succession, passing the 
charge along from cylinder to cylinder and discharging the 
whole series practically instantaneously. It was found during 
the tests that it made little difference whether the shunt resist- 
ance was connected or not, this test being made with Leyden 
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jars. These laboratory tests have shown that the low voltage 
moderate current discharges go through the series gaps and re- 
sistance and the large current high voltage discharges through 
all the gaps. The exact adjustment of series and shunt gaps 
had to be determined by actual service tests, and much data 
is being accumulated at the present time on this point. 

At first the arresters were installed without any resistance, and 
even in this condition gave a remarkable improvement in opera- 
tion over the arresters of older tvpe having distributed series 
resistance. No arrester in any sub-station held the dvnamic 
arc, and the arresters at the generating station held the dv- 
namic arc only three times. On account of this experience 
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the shunt resistances have been added, and several storms 
have been weathered successfully. 


Non-ARCING METAL. 


The character of the metal used has much to do with the 
amount of dynamic current that will pass through the arrester 
after the ‘static discharge. Cylinders of uniform size were 
constructed of many different metals and alloys, including the 
so-called non-arcing metal now on the market. Tests were 
made by operating an arrester with 12 gaps on a 2 300-volt 
circuit, discharging Leyden jars across the gap while the ter- 
minals of the arrester were connected to the live line. Fuses 
of varying capacity were placed in series so as to indicate the 
smallest fuse that could be used without melting, thereby 
giving a fair measure of the non-arcing property of the metal. 
Cylinders of aluminum, of zinc and of allovs of zinc fused together 
readily, whereas cvlinders made of other compositions operated 
much better. With the best alloy, a reduction of 10% in the num- 
ber of gaps could be made compared to the number required when 
ordinary brass rod was used for the cvlinders with the same dv- 
namic current; the value of the non-arcing metal is equivalent 
to 10% of the number of gaps used. This new allov was also 
found to be about 5% better than non-arcing metals previously 
used in arresters. An amalgam of mercury was tried, but 
with poor results. 

Another important point was developed, that is, that the 
cylinders should be well insulated, as an arrester in which the 
cylinders are mounted on marble had an excessive breakdown, 
as shown by the equivalent needle gap test, whereas the same 
number and arrangement of cvlinders mounted on porcelain 
bases had a low breakdown. | 

As these cylinders when arranged in a straight line 
with 600 gaps for 33 000-volt circuit, would give an arrange- 
ment approximately 45 ft. long—too large to place in the 
station—the zig-zag arrangement of cylinders was adopted. 
All equivalent needle gap tests made on arresters as well as ser- 
vice tests, have been with the cylinders arranged in this man- 
ner, and the arrangement does not seem to introduce objection- 
able reactance. In fact, theoretical: consideration of the de- 
sign has shown that one row equalizes another so that there is 
less reactance than if the cylinders were in a straight line. 
For the sake of convenience and compactness the * V" form 
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of arrester unit has been adopted, no connectors between 
units being required, as with these units a gap of proper width 
is formed between the last cvlinder of a given unit and the 
first cylinder of the next unit of the series by merely placing 
the gaps side by side, thus doing away with connectors. This 
tvpe of arrester for 2 200 volts is shown in Fig. 8, and for 35 000 
volts in Fig. 9. There is an advantage in the grounded Y 
system in the arrangement of gaps compared with the delta 
system, as the arresters can be designed for 58% of the voltage 
between line and ground, thus giving a lower breakdown from 
line to ground than with the delta svstem. The arresters for 
the grounded Y system are arranged with multiplex соп- 
nection, and a small number of units is placed between multi- 
plex and ground, so that telltale papers can be used to indi- 
cate the path of the discharge. 


Use or REACTIVE COILS. 


There has always been a discussion among engineers as re- 
gards the actual utilitv of reactive coils placed between the 
lightning arresters and the generators or apparatus to be pro- 
tected. In a recent installation where verv effective rcactive 
coils having a large number of turns were used, the discharge 
took place on the apparatus side of the reactive coils, from 
line to line; so that in this case the reactive coils undoubtedly 
created opposition to the relief of the svstem, as the static 
disturbance, originating on the machine side, would have had 
to pass through the reactive coils to reach the arrester. In 
spite of the use of reactive coils, there have been a large num- 
ber of installations where static sparks have jumped across 
the windings of generators and transformers. The static 
strains are undoubtedly of both high and low frequency, as 
Figs. 10 and 11, showing the burning out of two potential 
transformers, shows clearlv that the breakdown from the pri- 
mary to the grounded secondary occurred on various coils 
located at intermediate points in the winding. For low fre- 
quency effects, reactive coils will not be of any great benefit, 
but for high frequency effects they may be very desirable and 
for these effects comparativelv few turns of wire should be 
sufficient. In many installations where air insulated reactive 
coils of comparatively few turns have been used, beneficial re- 
sults have been noted. In one case before the installation of 
these coils, static sparks were continually jumping from cor- 


1900] WIRT: PROTECTIVE APPARATUS. 


а Ses! RU v 


Fic. 8.—2 000-volt, double-pole, form-U lightning 
arrester for station work. 
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ductors to the iron frame work, but after the installation of 
these coils with practically no other change in the installation 
the jumping of static sparks has ceased. 

Until recently the common idea as regards the effects that 
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are taking place in a transmission system during lightning 
storms has been thata high potefitial wave has come from the 
outside circuit usually a considerable distance, to the station 
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and discharged to ground either through the apparatus or 
through the lightning arresters, and that bv the interposition 
of a reactive coil between the lightning arresters and apparatus 
the lightning discharge has been repelled to ground through 
the arrester. According to recent experience this idea of the 
effects in a system is incomplete and primitive. There is good 
proof to support the view that considerable effect is exerted 
by the electrostatic capacity of the entire transmission system— 
not only from lines to ground but also from line to line, as 
shown by the discharges through multiplex arresters from 
line to line without any discharge to earth. At all times during 
the operation of a system there is a condenser effect, and the 
line voltages resulting therefrom are apt to be greatly above 
the voltage of the generator. The lightning disturbance charges 
up the system electrostatically and the excessive aggregate 
voltage causes a discharge to pass. This discharge may occur 
on thé lines outside a station—from line to line over cross arms 
—for example, making a short circuit and causing a surge of 
dynamic current which in turn breaks down apparatus at the 
station; so, that although there would appear to be onlv a 
remote connection between the high voltage manifestation in 
the apparatus and the short circuit on the line, one is really 
a consequence of the other; or the discharge may take place 
from line to ground, thereby setting up high static stresses 
between line and line in the station, or anywhere else in the 
system, and giving rise to high voltage oscillations. 

From the above considerations it 1s apparent that an arrester 
must be able to take disturbances of both high and low fre- 
quency and of considerable current capacity as well. It 15 
believed that the shunt resistance tvpe of arrester is an ad- 
vance in the art, inasmuch as it affords effective protection 
against the disturbances of widely varving character. 


PoLE LINE PROTECTION OVERHEAD GROUNDED WIRE. 


Mr. J. B. Foote, General Superintendent of the Common- 
wealth Power Co., operating a very extensive system around 
Jackson, Mich., at 40000 volts potential, has furnished the 
following information in reference to the protection afforded 
by the overhead grounded wire, the system being operated 
practically without lightning arresters at the stations : 


The troubles experienced on the svstem during the season of 1905 
up to August 5, were as follows: 


428 WIRT: PROTECTIVE APPARATUS. [May 29 


May 4—Lightning came into the Jackson sub-station and burnt off 
the leads on the step-down transformer. 

Мау 5—At Albion sub-station lightning entered and burnt off leads 
of transformer just above the oil. 

May 11—Lightning struck the line and shut the rotary down for a 
few minutes but did no damage to apparatus. 

june 19—Lightning struck the line and burnt leads off the two trans- 
formers at Battle Creek. j 

July 19—Lightning struck the line and burnt transformer out at 
Kalamazoo. 

On June 29, the following information was furnished: '' We have had 
two very severe storms in each of which we lost several rotary con- 
verters and burnt the high tension leads off the transformer just above 
the oil. We have had no damage whatever to our pole lines nor have 
we had any damage to our poles or cross arms since we installed the 
ground wire. The ground wire does not seem to afford any protection 
to the station apparatus where the lightning strikes in the immediate 
vicinity of the plant, but does afford a very thorough protection to the 
poles and other supports.” 

August 19—Service interrupted for two minutes during lightning 
storm, but resulted in no material damage to apparatus and none to 
the pole line. 


Many cases have been reported where poles have been shat- 
tered by lightning. On the other hand several large trans- 
mission cómpanies have operated throughout the season without 
losing any poles, but as an interruption of service is extremely 
objectionable to a large transmission company, some protection 
against the shattering of poles by lightning 1s much to be desired. 

Poles have been well protected by an overhead grounded 
wire. Another form of protection would be to run a wire 
down the side of the pole, from the top to a ground plate be- 
neath the pole. Every fifth pole should be grounded in this 
manner. 

A photograph of a pole shattered by lightning on the lines 
of the Telluride Power Companv 1s shown 1n Fig. 12. 

Another accident 1s shown in Fig. 13 furnished by the Spring 
River Power Co., Joplin, Mo. The two lower wires shown are 
telephone wires, the next upper wire is a ground wire grounded 
every fourth pole. Mr. G. E. Havler, Superintendent of the 
Spring River Power Co., has furnished me the following de- 
scription of the condition of his line after it was struck by 
lightning: 


By referring to the sketch vou will note the construction of our line, 
the two lower wires being telephone wires and located approximately 
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twenty feet from the ground. The next upper wire is a ground wire 
grounded at every fourth pole and approximately five feet above the 
telephone wires. Line wires are spaced 42 inches apart and are of 
No. 4 hard drawn copper supported on Locke No. 311 insulators. 

You will note that in all probability lightning struck pole No. 90 to- 
tally destroying the top of same and leaving only a stub extending as 
far as the telephone wires. The cross arm was torn from the pole and 
hung by its undamaged insulator to the south wire. The wires were 
not burned in two at this pole, although both of the other insulators 
were totally destroyed. Pole No. 94 had one insulator broken. Poles 
between 94 and 90 were more or less slivered, but otherwise not dam- 
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aged. Poles No. 89 and 88 also had slivered tops, otherwise not dam- 
aged. Pole No. 87 was evidently the breaking point of the arcs and 
possibly this pole received a lightning discharge. At any rate, the 
pole is quite seriously damaged on top. The top insulator was shattered 
and the line wire burned in two at this point, the line wire, of course, 
falling to ground on both sides. On pole No. 60 there are evidences 
that the current jumped from the insulator to the cross arm, thence 
down the pole to the ground wire. 

I am at somewhat of a loss to explain just why the wire burned in 
two on pole No. 87. There is not sufficient evidence to warrant the 
belief that an arc was maintained at this point for any period of time. 
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Had this been the case the pole would have been more seriously burned 
than it is. We have had several cases previous to this experience where 
poles have been burned off due to lightning discharges starting an arc 
across the phases. In every case we have had wires burned in two but 
in each case the point of breakage has been on a pole which showed 
signs of a violent arc continuing for some length of time. 

I regret to sav in this connection, that the lightning arrester records 
made on the night that this accident happened are exceedingly incom- 
plete. Our line patrolman seemed to be incapable of understanding 
the necessitv for keeping these records as they should be kept, with the 
result that after the storm we found that the records were practicallv 
valueless on account of their having mixed the shunt and series papers. 
As a matter of fact, we did get a verv decided discharge through the 
shunt gaps at the Lowell station. This 1s evidenced by a set of three 
papers which I am positive were in their proper position. It might be 
interesting to add that we obtained verv marked discharges on this 
Same occasion across our arresters, located about eighteen or twenty 
miles from the power station. 

In reference to the matter of ground wires, it is mv opinion that a good 
ground wire js an excellent protection against lightning. I am con- 
vinced, however, that this wire should be placed on top of the pole above 
everything in order that it may take the brunt of the lightning dis- 
charge. Your suggestion as to ground wire running to the top of every 
fourth pole is a very good one, but I believe the better plan to be to string 
a wire the entire length of the line and ground it at least at everv fourth 
pole. 


The Commonwealth Company two months ago completed 
the installation of 100 miles of 66 000 volt transmission lines, 
constructed as shown bv Fig. 14. The construction is standard 
for both 40 000 and 66 000 volt lines. The insulator for the 
grounded overhead wire is clearly shown. The grounded wire 
consists of a No. 4 BWG double galvanized solid iron wire, 
grounded at every fourth pole bv a piece of the same wire 
stapled to the pole and terminating in a flat pan-cake coil 
which is stapled to the bottom of the pole before the pole is 
set into the ground. 

An interesting test was made on the lines of the Butte (Mont.) 
Transmission Companv by providing the ground connections 
of the overhead wire with switches. Tests showed that the 
severitv of the discharges over the arresters in the station with 
the switches open was very much greater than with switches 
closed, apparentlv indicating that the grounded wire reduced 
the voltage strain at the station. 

Sufficient data has been secured to show that without an 
overhead grounded wire, or a ground wire running down 
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every fourth or fifth pole, poles are liable to be struck some- 
times and service interrupted, so that in all large undertakings 
it would seem to be advisable to use some sort of pole pro- 
tection. The data also seems to indicate, however, that this 
arrangement will not fully prevent the burning out of ap- 
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paratus, and additional protective devices will have to be 
used in connection with apparatus. 


LINE LIGHTNING-.ARRESTERS. 


It has not been the practice in high tension transmission 
svstems to install arresters on the line, although this is a com- 
mon practice with 2 200-volt systems. ° 

In connection with the New Milford installation, after lines 
had been struck by lightning and the wires severed, a line 
lightning arrester was installed so that the effect of this might 
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be noted. During storms these arresters discharge as freely 
as the arresters at the station or sub-station. As this indicates 
abnormal pressures on the line, it is undoubtedly good practice 
to use line lightning arresters at points on the lines greatly 
exposed to lightning effects. In order to follow this practice 
safelv, extremely reliable arresters must be used in all cases 
where a watchman is not constantly employed to patrol the 
line. 


Fic. 15.—Form-V lightning-arrester current and potential waves. 
Non-arcing metal cylinders. 15 air gaps. Instantaneous current 
] ] D. 1 ] 5. 135 amperes. 


Lixg TO LINE DISCHARGES. 


The idea that there was a high pressure created during stor.ns 
between the wires of a line, as well as between line and ground, 
was first advanced about three years ago. Since that time 
additional proof has been secured regarding this effect. <A 
large number of telltale papers have shown that the pressure 
between lines has been equalized through the arresters without 
any discharge going to ground. In addition to this proof, 
several hundred spark gaps adjusted for 9 000 volt breakdown, 
have been placed on 2 200 volt svstems, with the expectation 
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that such spark gaps would break down only infrequently. 
Much to our surprise reports were received to the effect that 
all of the spark gaps had discharged during storms, showing the 
high voltage between line and line. The gaps have since been 
adjusted for 20 000 volts breakdown and reports of operation 
are now awaited. 


Fic. 16.—Form-V lightning-arrester current and potential waves. 
Standard brass cylinders. 15 air gaps. Current and potential 
waves. Instantaneous current 120 amperes. 


From the above it 1s evident that the arresters should be 
designed so as to limit the voltage that тау be created between 
line and line, as this voltage тау be just as destructive to the 
insulation as the high voltage that 15 created between line and 
ground. In the examination of telltale papers, it has been noted 
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that discharges of greater severity, as indicated by large holes 
in the papers, have almost invariably occurred when the line 
had discharged to ground, whereas the line to line discharges 
have been of very much less severity. 


USE OF THE OSCILLOGRAPH. 
It is well known that switching and short circuits cause 
high voltage effects. It is, therefore, evident that the opera- 
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Fic. 17.— Current and potential waves. Type-U lightning atrester. 


Instantaneous current 17.22 amperes. 


tion of the arrester itself at the time dynamic current passes 
over the gaps should not set up high voltage effects. If the 
current is broken on the zero point of the wave as in an oil 
switch, no oscillation will take place. The multigap lightning 
arrester as shown by the oscillograph records permits the cur- 
rent to extinguish itself on the zero point of the wave. The 
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records also indicate the amount of dynamic current that has 
passed. With 15 air gaps the current had a value of 135 am- 
peres as shown on record, Fig. 15, and 120 amperes, Fig. 16, 
whereas with 9 air gaps, 6 of them shunted by resistance, the 
current value did not exceed 18 amperes. Fig. 17, and in an- 
other test, 1.64 amperes, Fig. 18. The amount of current 


атты!!! 


1" 


К 


Fic. 18.—Current and potential waves of type-U lightning 
arrester consisting of 9 gaps, 6 of these shunted with a resistance 
of 250 ohms. Instantaneous current 1.64 amperes. 


that passes over the gaps is dependent upon the point on the 
potential wave at which the flow of current begins, that is, 
whether on the peak or near the zero point of the wave. 
Sections of armature coils which have been burned by light- 
ning are shown in Fig. 19. The discharges occurred between 
two phases to frame of generator and the discharge was evi- 
dently line to line. Representative telltale papers showing 
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that discharges occurred over both series and shunt gaps are 
shown in Figs. 20 to 24. It is interesting to note that heavy 
discharges are those which go to ground and also that no two 
lines show a heavy discharge through the same arrester. 

The line to line discharge is nicely shown in Fig. 21 S.B.B. 

The arresters were connected multiplex and the papers have 
been arranged to represent the same arrangement. The single 
paper is the one that is placed in the units that are used be- . 
tween multiplex connection and ground. 
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THE SELF-SYNCHRONIZING OF ALTERNATORS. 


——— 


BY MORGAN BROOKS AND M. K. AKERS. 


The dexterity required for successfully connecting 1n parallel 
two synchronous machines, and the apprehension that is felt 
by the operator lest disaster result from the slightest inaccuracy 
of manipulation, have suggested a study of methods of synchron- 
izing in the hope of diminishing the hazard involved. 

When two alternators are controlled as to speed and excita- 
tion preparatory to closing the switch between them, it may 
not be possible to adjust the speed with sufficient exactness to 
allow reasonable time for closing the paralleling switch at the 
proper instant. If the switch be closed at or very close to the 
zero phase-position, and there be no appreciable speed-difference 
between the machines, no disturbance of the system is caused. 

A moderate speed-difference is not serious, provided it is pos- 
sible to close the switch at the proper moment, and automatic 
arrangements for so closing the switch have been devised. 
When there 1s a phase-difference, the existing vector difference 
in voltage is short-circuited through the two machines. The 
short circuit caused by closing the switch offers momentarily 
less impedance than the sum of the synchronous impedances 
of the two machines, because the resultant voltage cannot be 
in proper phase relation with the magnetic induction of both 
machines, and тау not be with that of either. There will be 
an impulsive rush of current greater than one would be led to 
expect from dividing the vector difference in voltage by the 
synchronous impedances of the two machines. 
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The actual momentary current is governed by the resistance 
and the reactance of the armature windings considered as in- 
ductance without iron core, rather than by the synchronous 
impedance as ordinarily measured. The iron core has not time 
to become magnetized and to react against the applied voltage 
before great damage may have been done with even a moderate 
phase-difference. With large machines whose resistance and 
pure or non-iron reactance is relatively low, damage by even 
slightly inaccurate synchronizing will be more probable, as 
well as more costly, than with small machines, since the im- 
pulsive rush of current is proportionately greater. A moderate 
phase-difference such as 10? may be dangerous. If 10? (in 
either direction) be taken as the limit of safety, in closing the 
switch at random the chances will be seventeen out of eighteen 
that damage will be done. 

We propose to eliminate this great chance for damage by 
making it safe to close the paralleling switch at anv time, re- 
gardless of equality of speed or of excitation. It 1s evident 
that the maximum circulating current may be reduced in any 
desired degree by the insertion of sufficient impedance between 
the machines to be synchronized. It is equally evident that 
the synchronizing power, or force tending to keep the alter- 
nators in step, will be affected; and it remained for experiment 
to show that it 1s possible satisfactorily to limit the current, 
while retaining sufficient synchronizing power. No compelling 
force exists so long as phase-equality is maintained, and for 
small angles the force may be assumed to be proportional to 
the phase-difference. 

Steinmetz has shown that the svnchronizing power of the 
current that may circulate between two machines in parallel 
under the normal condition of equal voltage depends upon the 
lagging of the current due to the inductance of the short-circuit 
path through the armatures of the alternators. To retain 
this lagging current and its desirable effect, the impedance to 
be connected in series between the machines should be highlv 
inductive. We tried various inductances such as transformer 
coils and arc-lamp regulators, but with indifferent success. 
If enough inductance were used to prevent too great an 1mpul- 
sive rush of current, the svnchronizing current desirable at 
slight phase-differences was too weak. If the inductance was 
adjusted to get fair svnchronizing power, it was not safe to 
throw the switch at a very much greater angle of phase-difter- 
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ence than without it. The range of safe angle was, however, 
perhaps doubled. 

We next tried pure resistance, resulting, as might be expected, 
in loss of synchronizing power, since the circulating current 
did not have the required lag. The use of condensers in series 
confirmed the theory above outlined; for the alternators now 
assumed the 180° phase-relation, and retained it with such 
persistence as to suggest easy synchronizing by using a reversing 
switch to connect the machines together in the zero phase-rela- 
tion. At this point we proved by experiment that it was a 
simple matter to synchronize two alternators through the 
armature of a third alternator not running, and then by bring- 
ing this third machine up to synchronous speed to observe 
that it automatically fell into step, forming a delta-connected, 
three-phase system. The oscillograph showed that with equal 
excitation the electromotive-force curves were properly spaced 
in 120°-positions, and that by varying the excitation it was 
easy to obtain a distorted delta of any desired shape, within 
reasonable limits, giving a simple means for obtaining any 
required vector-difference of voltage or current, especially if 
one of the machines were a polyphase machine but used as a 
single-phaser in a delta arrangement. The connection was 
fairly stiff, it being possible to cut off the driving power from 
two of the machines, when they became alternating motors 
and carried their previous driving motors as load. The oscillo- 
graph showed that the experiment was successfully performed. 

Having control of the synchronizing angle at the 180°- and 
the 120°- positions we felt that some way to secure the desired 
0°-angle must be available. A final idea of trying an inductance 
without any iron core came opportunely. This would secure 
the desired lagging current, and the pure inductance acting 
instantaneously would not permit an impulsive rush of danger- 
ous value, even at maximum difference of phase. A trial met 
with flattering success; and by adjusting the amount of in- 
ductance we found that for a 7.5-kw. machine a value limiting 
the maximum current to about half its full-load amperes seemed 
the best, having due regard to objectionable reaction upon the 
system, as well as to synchronizing effect. 

The experiments were tried at 60-cycle frequency, and the 
results were all that could be desired. We could close the 
switch paralleling two machines, while the machine to be brought 
into step was at a standstill, and then with approximate ex- 
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citation it could be started and on reaching synchronous speed 
it would automatically fall into step smoothly, and with un- 
expected force, when the excitation could be adjusted and 
the inductance cut out. 

It might be noted here that the circulating current between 
two machines connected together directly, and with a difference 
of phase-relation, is by no means equal to the current that 
would momentarily flow if the machines were switched together 
at the same vector-difference; that is, there is not the danger 
to the machinery in having two alternators pull apart, that 
there is in throwing them together with a large phase-angle. 
The almost non-inductive character of the synchronous im- 
pedance of two large alternators at the first moment of closing 
the switch is the critical point of synchronizing. 

In the case of a synchronous converter, started from the di- 
rect-current side, the use of coreless inductance to permit the 
closing of the connecting switch at any instant is found to 
introduce a difficulty not present when the converter 1s other- 
wise Started. This is the occasional tendency of the converter 
to race as a direct-current motor, owing to the weakening of 
its ficld and consequent increase of armature current. This 
objectionable tendency is easily overcome by the use of a sec- 
ond inductance connected in series with the direct-current 
armature and additional to the starting-box. This inductance 
should be with iron core, and it will act to prevent the rush of 
current due to any weakening of the ficld. This effect need 
be only momentary, as the converter does not tend to race; 
once forced into proper phase-relation. We found it desirable 
to have the speed of the converter brought into step slightly 
below synchronous speed, or at least not greater, when random 
closing of the switch was uniformly successful, as with svn- 
chronous generators. As this condition 1s a perfectly normal 
condition of operation it adds no complication. It may be 
stated that when synchronizing by means of condensers with 
the 180° phase-relation, there 15 no tendency for a converter 
to race with any reasonable difference of speed either above 
or below synchronism. 

We believe the coreless inductance method of synchronizing 
particularly applicable to synchronous frequency converters, 
although we have had no opportunity of testing it. The in- 
ductances should be arranged for connection in series with 
both frequencies. Using a large inductance, or purposely 
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regulating the speed so that the synchronizing power is not 
quite strong enough to enforce falling into step at either fre- 
quency alone, the combined synchronizing power of both sides 
will exert enough force to draw the machines into step promptly 
and with certainty. The customary slipping of one or more 
poles would not require positive manipulation of any kind. 
Some adjustment might be necessarv to attain the best results. 

We would not wish it understood that in using coreless in- 
ductances for safe synchronizing of alternators we recommend 
closing the switch at random. If the operator closes the switch 
as heretofore at approximately the moment of least disturbance, 
a refinement of operation will result. The operator will know 
that any error of judgment will at worst cause an almost im- 
perceptible disturbance of the system, instead of a possible 
disaster. A considerable difference in the excitation of two 
machines will not interfere in any way, since the voltage can 
be adjusted after synchronizing. Relieved from all anxiety, 
the operator will work more easily, and score a higher average 
of perfect manipulations. Less time is needed and the use 
of a synchroscope is not required, the indications of the lamp 
being quite accurate enough. The proposed inductance may 
be connected either in the primary or in the secondary circuits 
of alternators as desired, and while its value in henries is dif- 
ferent, the weight of wire in the coils would be approximately 
the same in either case; just as.in a transformer the weights 
of primary and secondary windings are nearly equal. 

The cost of a suitable coreless inductance is surprisingly 
small, since a high current-density may be employed, the heat- 
ing effect is so evanescent. It is impossible for the machines 
to maintain a sensible vector-difference under normal conditions. 
Our tests indicate that a flat coil of large diameter for self- 
synchronizing need not cost more than one per cent. of the 
value of the machine to be synchronized, and one coil might be 
suthcient for an entire station. Considering the advantages of 
its use, the cost of such an arrangement is negligible. The in- 
ductance for use in the direct-current side of a converter to be 
synchronized is of the same order as for the alternating-current 
side. but it is not quite safe to predict its proper value. 

Our experiments have been made with equal success upon 
various types of converters and alternators, including the in- 
ductor type. Dissimilarity of wave-form entails no difficulties. 
A certain hunting action that was always present with regular 
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synchronizing in one series of tests was entirely absent with 
the new method. It is decidedly easier to connect in parallel 
two alternators by means of coreless inductance in series, than 
it is in direct-current operation to connect a second generator 
to the bus-bars. Our experiments have introduced the in- 
ductance in one phase only, although it evidently might be used 
in all phases, should such method offer any advantage. The 
behavior of alternators as exhibited in the oscillograph curves 
while self-synchronizing is beautiful to observe, and we regret 
that the recent success of the process prevents us from pre- 
senting photographic records of the curves at this meeting. 
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MAGNETIC PROPERTIES OF ELECTROLYTIC IRON. 


BY C. F. BURGESS AND A. HOYT TAYLOR. 


Iron which has been deposited electrolytically from an aque- 
ous solution is not necessarily a definite product, but varies 
in chemical composition and physical constitution, depending 
upon the adjustment of the various factors which govern the 
deposition. High purity is a property frequently ascribed to 
electrolytic iron, and it is probably a fact that by no other means 
can iron be purified to as high a degree as is possible by the 
electrolytic method. It is safe to say that absolutely pure iron 
has never been produced either electrolytically or by any other 
method. | 

The incentive which has led to a large amount of work on 
the electrolvtic refining of iron 1s the need of a material of a 
high degree of purity to serve as a basis for the study of iron 
and its alloys. Until comparatively recently electrolytic iron 
has, however, been something of a curiositv, due to the difficulty 
of depositing it in anything but thin lavers. Several years ago 
an investigation was undertaken in the applied electrochemistry 
laboratory of the University of Wisconsin, looking to the pro- 
duction of electrolytic iron in large quantities; and as a result 
it has been demonstrated that iron may be refined at a rate 
and a cost comparable to that existing in electrolytic copper 
refining. A further investigation of the production and prop- 
erties of electrolytic iron, and of various alloys made from it, 
has been made possible by a grant from the Carnegie Institution 
of Washington. While working under this grant, nearly 
one ton of electrolvtic iron has been produced, and plates one 
inch in thickness and weighing 75 lb. have been made. In 
following the question of a large scale production, particular 
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attention was not given to the matter of purity, and as a result 
the iron which was produced did not equal the best grades of 
iron obtained on the market. But marked improvement has 
been made recently, the following analyses, for which acknowl- 
edgement 1s made to Mr. Andrew A. Blair, showing something 
of the degree of puritv obtainable. 


No. 1. No. 2. 
Sulphur. sees sete None. 0.001€. 
DI CON Cad decode veces 0.013€% 0.003€, 
Phosphorus....,... .0.004% 0.020€% 
Manganese......... None. None. 
Carbon............ 0.012% 0.033% 
Hvdrogen.......... 0.072% 0.08367, 


It mav be noted that hvdrogen is present in an amount 
greatly exceeding all the other impurities combined, and it 15 
to the presence of this element that the characteristic properties 
of electrolytic iron are usually ascribed. It is well known that 
electrolytic iron as taken from the depositing solution 15 usually 
hard and brittle, and to such a degree that it may be crushed 
to a powder. Upon heating to a temperature of about 1 000° 
cent. and upward, it becomes soft and malleable. 

The exact cause of this remarkable change of physical prop- 
erties is not clearly apparent, though since some hydrogen has 
been observed to be given off during the heating operation, a 
relationship has been held to exist between the hardness of the 
iron and the hvdrogen content. Some doubt 15 cast upon the 
existence of such relationship through the fact that similar 
amounts of hydrogen have been found in soft electrolytic iron 
which had been fused and in hard, brittle iron before fusion. 
The question is one calling for further investigation. 

It is well known that the magnetic properties of electrolvtic 
iron are altered to a great degree by heat treatment, and it is 
the purpose of an investigation now under way to establish 
the relationship between coercive force, permeabilty, hys- 
teresis constants, etc., and the temperature at which the iron 
is heated. This paper is intended only as a short preliminary 
report on work which has been under way for some time, but 
which, owing to difficulties encountered in depositing and 
machining of the samples to be tested, has made but slow 
progress. 

To prepare the test specimens necessarv for the Rowland 
rng method of magnetic measurement, plates of electrolvtic 
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iron about one inch in thickness were deposited from a ferrous 
sulphate solution slightly acidified, containing also a small 
amount of ammonium sulphate. This deposition required about 
eight weeks. The resultant plate was ground smooth, and the 
ring was made from it by drilling and grinding, care being 
taken to prevent the metal from becoming heated. The first 
ring had to be rejected on account of a crack which developed 
init. The first one upon which the measurements here described 
were made, had an average radius of 4.34 cm. and a rectangular 
cross section 1.158 cm. by 1.278 cm. 

The primary winding of No. 18 wire was chosen to give a 
field strength of 20 dvnes per ampere of primarv current, and 
the secondary winding had 350 turns of No. 26 wire. 

À Rowland D'Arsonval galvanometer whose calibration curve 
was accurately known, was used ballisticallv in obtaining the 
first hysteresis curves by the step-by-step method. The cah- 
bration curve of such a galvanometer 15 generally not a straight 
line, and this fact, combined with the change of the logarithmic 
decrement with various external resistances, renders the com- 
putations somewhat laborious, since the factor of reduction 
depends on the size of the deflections and on the total sec- 
ondary circuit resistance. It has the advantage of having a 
definite control, not depending on the earth's magnetic field, 
and for this reason has tempted many to use it in connection 
with ballistic methods for magnetic induction. Unfortunately, 
in many cases the instrument is assumed to have a constant; 
that is, the factor to change from deflections to inductions 1s 
taken the same for all deflections. This is certainly not the 
case in many instruments of this type. 

Later on in this work the Rowland galvanometer was discarded 
and a Nalder instrument of the suspended astatic needle type 
was used. This was provided with a thick laminatéd-iron 
shield to exclude external magnetic disturbances, and proved 
to be very satisfactory. The logarithmic decrement, or damp- 
ing factor, was so small, even on closed circuit, that it could 
be neglected, and it was therefore not necessary to calibrate 
it with a standard solenoid, but rather with an Elliot condenser 
and standard cell. 

One of the principal difficulties encountered was the elim- 
ination of errors due to magnetic viscosity. This is the slow 
but very appreciable change of magnetic induction which 
takes place some time after the change in field has been made, 
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and hence is not taken account of in the galvanometer deflec- 
tion. Thus an additive error is introduced in the step-by-step | 
method, depending on the number of steps made. We very 
early discovered that the maximum induction as determined 
by this method did not agree with that obtained by the method 
of reversals, and much time was spent in running down the 
discrepancy, which is by no means peculiar to electrolytic iron. 
In fact this part of the work is the subject of a separate report 
by one of us, to be published a few months later. Suffice to 
sav here, that the additive errors due to viscosity may be elim- 
inated by the following modification of the step-by-step method. 

The primary P of the test-ring (Fig. 1) is connected through 
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the reversing switch C, and the single pole switch S, with the 
storage-battery and ammeter 4. The storage-battery is con- 
nected with a sliding contact wire rheostat, r, through the two 
switches 5, and S, which have flexible leads with clips which 
can be attached to the rheostat at any desired point, The 
secondary of the test ring 1s connected through the resistance 
Кү, the switch 5,, the reversing switch C, and the control-coil 
K with the galvanometer G. This is the same scheme of con- 
nections used in the ordinary step-by-step method. The 
modification lies in the method of procedure, which for that 
part of the hysterises curve between saturation point and re- 
tentivity point 15 as follows: | 
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5, is connected to the rheostat in such a position that the 
primary current is sufficient to produce a saturation field. 
S, is then connected at such a point on the rheostat that if 
S, were open a primary current would flow, corresponding to 
any desired field less than the saturation field. At the end of 
any observation the switches will be in these positions: S, 
closed, S, closed, S, open, S, closed. For the next observation, 
the procedure is as follows: 

Open S,. Set S, for the next primary current desired, cor- 
responding to a field less than for the previous observation. 
Close S,, bringing the iron to saturation point. Close S, and 
bring the galvanometer to rest with the control-coil K. Then 
finally, open S,, observing the galvanometer throw. This gives 
the change in induction from saturation point to anv: desired 
lower field, and the method is the same for all points between 
saturation point and retentivity point. 

For the points between retentivity and negative saturation 
the induction changes are reckoned from the retentivitv point, 
and the switches at the end of an observation will be in the 
same positions as for the first case. For the next observation 
the procedure is as follows: Open S,. Set S, for the next 
primary current desired. The induction will have some value 
such as at X on the largest curve, Fig. 2. Reverse C,, and 
close 5,, bringing the iron back to saturation point. Open S,, 
bringing the iron to retentivity point. Reverse C, again. 
Close S, and bring the galvanometer to rest. Close S,, and 
observe the deflection of the galvanometer. This gives the 
change in induction from retentivity point to anv point such 
as X. The method is the same for all points as far as negative 
saturation. The other branch of the curve 1s done in the same 
way. It takes nearly twice as long to run a curve by this 
method as by the step-by-step method, but the errors due to 
magnetic viscosity are practically eliminated. | 

Curve 1, Fig. 2, was not obtained bv this method, as we were 
not at first aware that the magnetic viscosity existed to any 
serious extent in the electrolvtic iron. The values of B are 
probably several per cent. too low, but the curve shows several 
rather remarkable properties. The iron is evidentlv very 
hard, as indeed its other physical properties show. The 
coercive force is 18 dynes, and the retentivitv 10 000. This 
would have come a little higher had the viscosity error been 
eliminated. It seems that the field of 210 dynes does not 


450 BURGESS AND TAYLOR: [May 30 


saturate the iron, although it carries the induction to the high 
value of 21250. At the same time there is relatively little 
area added to the hysteresis loop by running the field so high. 

It is known that heating causes the liberation of hydrogen 
from electrolytic iron, the evolution beginning at comparatively 
low temperatures and increasing as the temperature is raised. 
The test-ring was heated for several hours at a temperature 
of 200° cent., and magnetic tests again made. These gave a 
curve almost identical with the first, and showed either that it 
is not the hvdrogen in itself which contributes to the magnetic 
properties of electrolytic iron or that the amount of hydrogen 
liberated was not sufficiently great to alter the magnetic 
measurements materially. 

The ring was then unwound, embedded in magnesium oxide, 
and heated for eight hours at about 1 200° cent. In this pro- 
cess a small portion was corroded on one side, necessitating 
the turning down of the ring, and hence a different choice of 
windings. The ring was found to be much softer than at first, 
and on being tested by the step-by-step method, gave values 
for the magnetic induction 1765 lower than those obtained 
by the method of reversals. As explained earlier in this paper, 
this was traced to magnetic viscositv, and a modified ballistic 
method was devised to eliminate the error. The dotted curve 
was obtained bv this method, and comparison with the large 
curve shows that a tremendous change had taken place with 
the heating at 1 200? cent. The iron is now in the condition 
of a rather soft steel, with a coercive force of about 2.5 dynes, 
a retentivity of 12 500 and a large amount of magnetic vis- 
cosity in the steep parts of the curve. А second heating of the 
ring to over 1200? cent. produced no appreciable change in 
the magnetic properties. 

Another ring was prepared of electrolytic iron deposited 
from a solution maintained more nearly neutral than in the 
former.case, the deposit being somewhat less hard and brittle 
and the fracture showing a finer crystalline structure. The 
mean radius of this ring was 4.175 cm.; the width of face 0.97 cm. ; 
and the thickness 0.768 cm. 

The primary turns were 418, and the secondary 350. The 
curve II was obtained from this ring by the modified ballistic 
method, and is evidently like curve I, except that the pecu- 
liarities are not so marked. А field of 100 dynes gives a max- 
imum induction of 15 750, and а retentivitv of 10 300. The 
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coercive force is 11 dynes. The iron is still very hard, but its 
other physical properties also indicate that it is not so hard 
as the first sample. 

After some further tests have been made on this ring it will 
be heated to various temperatures and tested, with a view of 
determining at just what temperature the area of the hysteresis 
loop begins to change rapidly. 

Magnetic viscosity is usually found in rather soft steels, of 
low coercive force, or even in many samples of soft iron. It 
was therefore a matter of surprise to find that the step-by-step 
method gave values of the maximum induction for ring II 6% 
lower than those obtained by the method of reversals, and bv 
the modified ballistic method. This indicates a considerable 
amount of magnetic viscosity. We hope to have some laminated 
annealed rings in the near future, and to continue this investiga- 
tion with these and with some rod samples, as well as with the 
rings we now have. 
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INTERURBAN TEST-CAR OF THE UNIVERSITY OF 
ILLINOIS. 


BY THOMAS M. GARDNER. 


About 15 vears ago the first serious consideration was given 
to railway testing work bv an educational institution when 
one of the universities of the middle West* installed a loco- 
motive-testing plant. Shortly after, the University of Illinois 
obtained its dynamometer car, which was in service for some 
vears and was later replaced bv a second car having manv im- 
provements over the original one. This caris now operated jointly 
with the Illinois Central Railroad. It was used at the time 
of making the recent exhaustive investigations for the electrifica- 
tion of the New York Central Railroad. The knowledge ac- 
quired from the above mentioned sources has been of much 
value both commercially and educationally. 

It is a recognized fact that on account of the rapid growth 
of street and interurban railways, and the electrification of steam 
roads, there should be electric cars properly equipped for in- 
vestigation along these lines. Numerous tests have been made 
of electric locomotives and of street cars temporarily fitted 
up with instruments. Perhaps the best known of these are the 
tests conducted some 18 months ago on one of the electric roads 
in Indiana. 

The universitv authorities seeing the value of the dynamo- 
meter car to the department of mechanical engineering, and 
realizing what a promising field was opened in electric railwav 
work, added to the equipment of the electrical engineering 
department an interurban car for testing purposes. So far as 
the writer knows this is the first car of its kind owned bv an 
educational institution. | 

* Purdue University. ' 
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The object of laboratory work is to make clearer to the 
student тапу facts mentioned in the class-room, as well as to 
help him to become familiar with the construction, operation, 
and use of the different machines; so it 1s believed that this 
car will materially supplement the recitations and lectures in 
the street railway course. | 

In this section of the middle West interurban track con- 
struction is going on at a rapid rate, and in the next few years 
the mileage of electric railways will be greatlv increased. The 
car at present can run only between Champaign and Danville, 
Illinois, a distance of 35 miles, but in a few months, when the 
connection with the St. Louis line is completed, it will be able 
to travel over practically all of the Illinois Traction System. 
Thus, those taking this work will be given an opportunity to study 
the general requirements of electric railroading, meeting the 
different employees and learning something of the various 
conditions of operation; so being able more thoroughly to 
understand the requirements of practice. It is the intention 
of the department to coóperate with the management of the 
companies whenever possible, endeavoring to solve some of the 
problems of mutual interest that are constantly occurring. 
Different pieces of apparatus can be tested, and their strong as 
well as their weak points, both mechanical and electrical, can 
be noted. 

Many engineering students are taking up electric traction, 
and it is hoped that when this car 1s completely equipped, and 
the course fully rounded out, that those graduating wiii be 
much better fitted for this kind of work than formerly. 

Most of the time during the present vear has been given to 
the building and installing of the different measuring instru- 
ments, rather than to the acquisition of scientific data.* ' Several 
of the theses of the present senior class have been upon the 
design and construction of special apparatus for the car, while 
some of the other theses have depended upon such tests asit 
has been possible to make. 

The car as shown in Fig. 1 was received from the manufacturers 
last fall. It is of the high-speed interurban type, weighing as 
equipped approximately 27.5 tons. The general dimensions 
of the car body are as follows: length over corner-posts 34 ft. 4in.; 
length over vestibules 45 ft.; width over all, 8 ft. 4 in.; The 
interior is divided by a partition into two compartments, one 


*Numerous changes 1n instrument equipment are in contemplation: 
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being 11 ft. 10 in., and the other 22 ft. 6 in. in length. The 
larger of these may be called the computing room, and it con- 
tains a typewriter desk, sectional bookcases, filing cabinet, and 
chairs. The smaller one is quite filled with car-control ap- 
paratus and the table of testing instruments. The enclosed 
vestibules are fitted with the usual fold-doors. The interior 
finish is of golden oak, while the exterior is painted dark 
blue, with orange trimmings, the university colors. 

The trucks are of standard construction; one set of wheels is of 


ART ч 


р <. T ne techy M ге 
7 may Mtr P 
e PE e, > ne T ws 
MN Ti к 425 P 
Ran DCN RNC TN TTO 


М BED ; 
Be aoe - RE 
ELS E з 
DO 


rolled steel and the other of cast iron, both having Master Car 
Builders’ treads and flanges. The wheel-bases are 6 ft. 4 1п., 
and the distance between center-bearings is 22 ft. 4 in. 

The motive power equipment has four motors rated at 40 h.p. 
each, with a pressure on the trolley wire of 500 volts. The gear- 
ratio is 22-62, which gives a car velocity of approximately 45 
miles per hour, with 1 300 rev. per min. of the armatures. Much 
of the apparatus which would otherwise be placed under the 
floor of the car is shown in Figs. 2 and 3. 
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In Fig. 2, on the right is seen the switch-group and circuit- 
breaker;.the limit-switch and the line relav are placed just be- 
hind the door and so do not show in the picture. In this same 
room are also the battery-charging relav and double-throw 
switch for that purpose. To the left of the door is to be seen 
the testing table with numerous pieces of apparatus mounted 
upon and.placed beneath it. Although considerable space is 
taken by this plan, vet for inspection and instructional pur- 
poses 11 was deemed best to have them arranged as shown. 
Whenever desired, the metal covers of the car-control apparatus 


-— 


can be removed and the students can thus see the mechanical 
operation. Fig. З is a view taken from the opposite end of this 
same compartment. | 

In the adjacent vestibule 1s mounted a large cut-out switch, 
and an integrating wattmeter for recording the electrical 
energy supplied to the car-lighting circuit, and to the motor which 
drives the air-compressor. In addition to these are the master- 
controller, motorman's air-brake valve, air-pressure gauge, 
hand-brake, and sand-box. In the other vestibule, besides the 
usual equipment. has been placed the governor for the air-pump. 
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The rest of the control apparatus, the reservoirs for the air- 
brake, and the air-compressor, are in their usual positions. 
The brake system 15 operated directly by compressed air. 
Instrument Wiring. Inserted in the main circuit is a large 
integrating wattmeter, reading total energy supplied to the car. 
A branch circuit supplies the electric energy to the air-compressor. 
The main current passes through a graphic recording ammeter and 
a standard shunt, which in connection with a millivoltmeter may 
at intervals be used asacheck. An ammeter is inserted in the ex- 
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citing circuit of this same recording ammeter, to read the neces- 
sary exciting current. Alongside is a short-circuiting switch 
for cutting out the large ammeter. Adjacent to this instrument 
is a recording voltmeter, which is likewise supplied with a low- 
reading ammeter, for measuring its exciting current. On this 
table are also four switches, to which the leads from the indi- 
vidual motors are connected for the purpose of control- 


s 


458 GARDNER: TEST CAR. [May 30 


ling the sepałate motor currents. A small plug-board is 
conveniently placed for voltmeter use, from which run pressure 
wires to the several armatures and fields, so that the drop in 
voltage across them may be obtained. Nearby are electric 
instruments for indicating car velocities and accelerations. 

In Fig. 2 1s shown an integrating wattmeter mounted on the 
end partition, near the roof, and in Fig. 3 to the left of the door 
is to be seen an autometer, which gives the velocity of the car 
in miles per hour, miles per trip, and total mileage. Above 
the testing table is the time-marker clock, which controls the 


time-needles of the recording instruments, intervals of five $ес-` 


onds being indicated by side marks on the records. 
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Apparatus jor Determining Speeds and A ccelerations. Fastened 
to the frame of the truck as shown in the accompanying photo- 
graph, Fig. 4, is placed a direct-current low-voltage generator 
of 0.5-kw. output. This is driven by means of two sprockets 
and a chain; one of the gears being around an axle, the other 
being keyed to the armature shaft. On the opposite end of this 
shaft is a gear which drives a series of wheels, to the last of 
which is affixed a flexible shaft, which extends up through the 
car floor and drives the autometer just mentioned. As it is de- 
sirable to determine not onlv the velocities but also the accelera- 
tions, and since all of the different forms of mechanical accelero- 
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meters take into account not only the acceleration but the in- 
clination of the car, it was decided that only apparatus that would 
give the former should be used. 

Advantage was taken of the principle, that as acceleration 
is the rate of change of velocity, and since the induced electro- 
motive force in the secondary of a transformer is directly pro- 
portional to the rate of change of current in the primary, and 
as the generator supplied current according to its speed, there- 
fore the voltage induced in the secondarv would be directly 
proportional to the rate of charge of velocity of the car. Hence 
the voltmeter could be made to read directly the acceleration 
in miles per hour per second, or feet per second per second, and 
‘show whether the values were negative or positive. 


40 


4-6 
| | 


PILL LLL, 
M 


The generator is so designed that its current varies directly 
with the revolutions per minute of the armature, its curve of 
regulation being a straight line. between the working limits. 
The maximum current taken is 10 amperes. Fig. 51s a diagram 
of this apparatus. The field of the generator is separatelv 
excited by means of a storage-batterv. The reading of the 
ammeter inserted in the circuit is maintained constant by the 
means of resistance, 36. From the armature of the generator, 
26, runs a wire to one of the terminals of a secondary coil of a 
0.5-kw. transformer, the turns in the winding of which are such 
as to reduce the pressure from 2 200 volts down to 220 or 110, 
as desired in lighting work. This direct current passes through 
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the rheostat, 37; switch and ammeter, 39; back to the gen- 
erator. From this ammeter the velocities of the car may be 
read. Inthe high-voltage or primary coils of this transformer isa 
voltmeter, which gives the electric pressure proportional to 
the rate of change of current in the secondary, now used as a 
primary. This reading is directly proportional to the accelera- 
tion as before mentioned. This voltmeter must have its zero 
at the middle of its scale, because the needle must swing in one 
direction or the other, as the acceleration 1s negative or posi- 
tive. When the speed is constant it 1s evident that the reading 
must be zero. ; 

It was found that the values of acceleration at low speeds 
were not satisfactory, because of the small amount of current 
in the generator circuit giving too low a magnetic density in 
the iron core. The other secondary coil was then separately ex- . 
cited* by means of a battery of storage cells, and no further 
trouble has resulted. | | 

The current is kept at a constant reading in the ammeter, 
41, by means of resistance, 46. This apparatus gives extremely 
accurate values of velocity and acceleration, and is a modifica- 
tion of that described by Professor Owens of McGill University. 

Instead of indicating ammeter and voltmeter for the readings 
just mentioned, will soon be placed instruments of the re- 
cording type, so that continuous records may be taken. 

In a short time there will be added a graphic curve recorder, 
indicating the curvature of the track; an inclinometer showing 
the variation in the grade; and diaphragms suitably placed on 
the sides and ends of the car for obtaining the various wind 
pressures. | 

Fig. 615 a general wiring diagram of this type of car. It has 
only been slightly modified by the insertion of switches in the 
motor leads, the running of pressure wires to the fields and 
armatures from the small plug-board in testing room, and by 
the insertion of the instruments in several of the circuits. The 
location of much of the apparatus so as to be accessible when 
the car is in motion has compelled the running of many of the 
wires along the sides, or under the extra floor in the testing 
room, which has been put down in sections so that it may 
easily be removed. Access to the transite lined conduits thus 
formed between it and the car floor proper, may be quickly 
obtained. — 

*Thesis of Saathoff and Wooster. 
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The car in plan and in longitudinal and cross-sectional eleva- 
tions is seen in Figs. 7, 8, 9, 10, and 11. Many of the different 
pieces of apparatus for:car control, and for measurement, have 
been numbered to give a more complete idea of their arrange- 
ment. | 

1 and 2, Switches for charging equipment batteries. 

3, Switch for charging instrument battery. 
4, Battery-charging relay. 

5, Autometer. 

6, Time-marker clock. | 

7, Integrating wattmeter for total load. 
8, Limit-switch. 

9, Line relay. 

12, 13, 14, and 16, Individual motor switches. 

17, Ammeter for exciting current to recording voltmeter, 18. 

19, Recording ammeter. 

20, Exciting current ammeter for 19. 

21, Recording ammeter short-circuiting switch. 

22, Main switch. 

23, Master-controller. 

24, Motorman’s air-valves. 

25, Sand-boxes. 

26, Generator for speed-recorder. 

27, Motors. 

28, Storage-batteries for switch-group. 

29, Main air-reservoir. 

30, Resistances. 

31, Motor control cut-out. 

32, Circuit-breaker. 

33, Switch-group. 

34, Millivoltmeter used in connection with the standard shunt, 42. 

35, Wattmeter measuring energy supplied to the air-compressor. 

36, 37, and 46, Resistances used in connection with speed-recorder and 
accelerometer. 

38, 39, 40, 41, Ammeters and voltmeters of above apparatus. 

42, Standard shunt. 

43, Reverse switch. 

44, 0.5-kw. transformer. 

45, Storage cells. 
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THE ART OF INVENTING. 


BY EDWIN J. PRINDLE. 


——à. 


There are many kinds of invention. The poet, the artist, 
the playwright, the novelist all exercise or mav exercise in- 
vention in the production of their works. The merchant may 
exercise invention in the devising of a new method of selling 
goods. The department store was an invention of this class. | 

The subject of my paper is, however, the art of making tech- 
nical inventions, and particularly patentable inventions. And, 
first, of its commercial importance; for the engineer is con- 
cerned with things having a commercial value. By the art of 
inventing, wealth is created absolutely out of ideas alone. It. 
usually takes capital to develop an invention and make it pro- 
ductive, but not always. A notable recent example is Professor 
Pupin's loaded telephone line. Не received a very large sum 
of money, and his expenditures, as I understand, were com- 
paratively trivial. ` 

The certificate of ownership of an invention 15 a patent, апа 
the importance of the art of invention will be made apparent 
from a brief consideration of what rights a patent confers and 
of the part that patents play in the industries. 

A patent is the most perfect form of monopoly recognized 
by the law. As was said in a recent decision: 

“ Within his domain, the patentee is czar. The people must take 
the invention on the terms he dictates or let it alone for seventeen years. 
This is a necessity from the nature of the grant. Cries of restraint of 
trade and impairment of the freedom of sales are. unavailing, because 
for the promotion of the useful arts the constitution and statutes author- 
ize this very monopoly.” 

465 
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There is an enormous amount of wealth in this country that 
is based upon patents. As an instance, might be mentioned 
the fact that the United Shoe Machinery Company 15, by means 
of patents, able to control the sewing machines upon which 
ninety per cent. of the welt shoes in the United States are 
sewed. The Bell Telephone Company, and the Westinghouse 
Air Brake Company and many other corporations of the first 
importance built themselves up on patents. Patents have be- 
come so well recognized a factor in commerce that, in many 
lines of manufacture, concerns do not depend simply upon 
cheapness of manufacture, or quality of product, to maintain 
their trade, but thev count on always having a product which 
is at least slightly better than that of their competitors, and 
which 15 covered by patents, so that they do not have to com- 
pete with an article of equal merit. And they keep a corps 
of inventors at work in a constant effort to improve the product, 
so that, when the patents now giving protection have expired, 
thev will have a better article to offer, which shall also be pro- 
tected bv patents. 

Inventing has become almost a recognized profession. Many 
large concerns constantly employ a large corps of inventors, 
at liberal salaries. Besides the inventors employed by large 
corporations, there are many inventors who have maintained 
their independence, and are free lances, so to speak. Some in- 
ventors have become wealthy almost solely by their inventions, 
such as Edison, Bell, Westinghouse, Marconi, Pupin, Tesla, 
and Sprague. A considerable number of the smaller manufac- 
turing concerns are built largelv or wholly upon the inventions 
of their principal owners. 

Aside from the question of financial returns from inventing, 
the inventor has the satisfaction of knowing that he is a pro- 
ducer of the most fundamental kind. АП material progress 
has involved the production of inventions. Inventors are uni- 
versally conceded to be among the greatest benefactors of the 
human race. 

The art of invention is therefore one of great commercial 
and economical importance, and it becomes a matter of much 
interest to know how inventions are produced. It 1s my ob- 
ject to attempt an explanation of the manner of their produc- 
tion. 

If it be inquired on what grounds I otfer an explanation of 
this apparently most ditficult subject, I reply that, in the prac- 
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tice of patent law, I have often had occasion and opportunity 
to inquire into the mental processes of inventors, and that 
the subject 15 one to which I have given considerable attention. 

It seems to be popularly believed that the inventor must | 
be born to his work, and that such people are born only occa- 
sionally. This is true, to a certain extent, but I am convinced 
there are many people who, without suspecting it, have latent 
inventive abilities, which could be put to work if they only 
knew how to go about it. The large percentage of inventors 
in this country compared with all other countries, shows that 
the inventive faculty 1s one which can be cultivated to some 
extent. The difference in ingenuity is not wholly a matter of 
race, for substantially the same blood exists in some other 
countries, but it 1s the encouragement of our patent laws that 
has stimulated the cultivation of this faculty. 

The popular idea seems to be that an invention is produced 
by its inventor at a single effort of the imagination and com- 
plete, as Minerva sprang full Boum and fullv armed from the 
mind of Jove. 

It 1s, undoubtedly, true that everv inventor must have some 
imagination or creative faculty, but, as I shall seek to show, 
this faculty may be greatly assisted bv method. While reason- 
"ing does not constitute the whole of an inventive act, it can, 
so to speak, clear the way and render the inventive act easier 
of accomplishment. 

Invention has been defined as ' In the nature of a guess; 
the mind leaps across a logical chasm. Instead of working 
out a conclusion, it imagines it." The courts have repeatedly 
held that that which could be produced purely by the process 
of reasoning or inference, on the part of one ordinarily skilled 
in the art is not patentable, but that the imaginative or creativé 
faculty must somewhere be used in the process. The mind 
must somewhere leap from the known to the unknown by means 
of the imagination, and not by mere inference in making the 
invention. But the inventor, consciously or unconsciously, by 
proper method, reduces the length of this leap to much more 
moderate proportions than 1s popularly supposed. 

That reasoning and research frequently enter very largely 
into the inventive act in aid of the creative faculty is the opin- 
ion of Dr. Trowbridge, of Columbia University who said: 

" Important inventions leading to widespread improvements in the 
arts or to new industries do not come by chance, or as sudden inspira- 
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tion, but are in almost every instance the result of long and exhaustive 
researches by men whose thorough familiarity with their subjects en- 
ables them to see clearly the way to improvements. Almost all im- 
portant and successful inventions which have found their way into gen- 
eral use and acceptance have been the products of well-balanced and 
thoughtful minds, capable of patient laborious investigation." 


Judge Drummond, in a decision many years ago, said: 


“ Most inventions are the result of experiment, trial, and effort, and 
few of them are worked out by mere will.” 

Most inventions are an evolution from some previously in- 
vented form. It has been said: 

“ We know exactly how the human mind works. The unknown—or 
unknowable—it always conceives in terms of the known." 

Even the imagination conceives in terms of what is already 
known; that 15, the product of the imagination 1s a transforma- 
tion of material already possessed. Imagination 15 the associa- 
tion in new relations of ideas already possessed by the mind. 
It is impossible to imagine that, the elements of which are not 
already known to us. We cannot conceive of a color which 
does not consist of a blending of one or more colors with which 
we are alreadv familiar. This evolution of an invention 15 
more or less logical, and is often worked out by logical pro- 
cesses to such an extent that the steps or efforts of imagination 
are greatly reduced as compared with the effort of producing 
the invention solely by the imagination. 

Edison is quoted as having said that “ any man can become 
an inventor if he has imagination and pertinacity,” that “ in- 
vention is not so much inspiration as perspiration.”’ 

There are four classes of protectable inventions. These are 

Arts, 

Machines, 

Manufactures, and 

Compositions of matter. 

In popular language an art may be said to be апу process 
or series of steps or operations for accomplishing a physical 
or chemical result. Examples are, the art of telephoning by 
causing undulations of the electric current corresponding to 
the sound waves of the spoken voice. The art of casting car 
wheels, which consists іп directing the metal into the mold in 
a stream running tangentially instead of radially, so that the 
metal in the mold is given a rotary movement, and the heavy, 
sound metal flows out to the mm of the wheel, while the light 
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and defective metal is displaced toward the centre, where it 1s 
not subjected to wear. 

The term machine hardly needs any explanation. It may 
be said to be an assemblage of two or more mechanical elements, 
having a law of action of its own. 

A manufacture is anything made by the hand of man, which 
is neither a machine nor a composition of matter; such as, a 
chisel, a match, or a pencil. 

The term composition of matter covers all combinations of 
two or more substances, whether by mechanical mixture or 
chemical union, and whether they be gases, fluids, powders or 
solids; such as, a new cement or paint. 

These definitions are not legally exact, but serve to illustrate 
the meaning. ' 

In the making of all inventions which do not consist in the 
discovery of the adaptability of some means to an end not 
intentionally being sought after, the first step is the selection 
of a problem. The inventor should first make certain that the 
problem is based upon a real need. Much time and money 
is sometimes spent in an effort to invent something that 15 not 
really needed. What already exists is good enough or is so good 
that no additional cost or complication would justify anything 
better. The new invention might be objectionable because it 
would involve counter disadvantages more important than its 
own advantages, so that a really desirable object 15 the first 
thing to be sure of. 

Having selected a problem, the next step should be a thorough 
analysis of the old situation, getting at the reasons for the 
faults which exist, and in fact discovering the presence of 
faults which are not obvious to others, because of the tendency 
to believe that whatever is, is right. 

Then the qualities of the material, and the laws of action 
under which one must operate should be exhaustively considered. 
It should be considered whether these laws are really or only 
apparently inflexible. It should be carefully considered whether 
further improvement is possible in the same direction, and such 
consideration will often suggest the direction in which further 
improvement must go, if a change of direction is necessary. 
Sometimes the only possible improvement is in an opposite 
direction. A glance at the accounts of how James Watt in- 
vented the condensing steam-engine will show what a large 
part profound study of the old engine and of the laws of steam 
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played in his invention, and how strongly they suggested the 
directions of the solutions of his difficulties. 

We now come to the constructive part of inventing, in order 
to illustrate which, I will seek to explain how several inventions 
were, or could have been, produced. 

The way in which the first automatic steam engine was pro- 
duced was undoubtedly this—and it shows how comparatively 
easily a really great invention may sometimes be made. It 
was the duty of Humphrey Potter, a boy, to turn a stop-cock 
to let the steam into the cvlinder and one to let in water to 
condense it at certain periods of each stroke of the engine, and 
if this were not done at the right time, the engine would stop. 
He noticed that these movements of the stop-cock handles took 
place in unison with the movements of certain portions of the 
beam of the engine. He simply connected the valve handles 
with the proper portions of the beam by strings, and the engine 
became automatic—a most eventful result. 

As one example of the evolution of an invention, I will take 
an instrument for measuring and recording a period of time, 
known as the calculograph, because it lends itself with facility, 
to an explanation from a platform and because my duties as a 
lawyer have necessitated mv becoming very familiar with the 
invention, and have caused me to consider how it was probably 
produced. 

And first the problem: There was much occasion to determine 
and record the values of periods of elapsed time; such as, the 
length of time of a telephone conversation; as the revenue ot 
the telephone companies depended upon the accuracy of the 
determination. All the previous methods involved the record- 
ing in hours and minutes the times of дау marking the initial 
and the final limits of the period to be measured, and then the 
subtraction of the one time of day from the other. This sub- 
traction was found to be very unreliable as well as expensive. 
The problem then was to devise some way by which the value 
of the period could be arrived at directly and without sub- 
traction and also by which such value could be mechanically 
recorded. 

The prior machine from which the calculograph was evolved 
is the time-stamp, a printing machine having a stationary die 
like a clock dial and having a rotating die like the hand of the 
clock, asin Fig. 1. The small triangle outside the dial is the 
hour hand, it being placed outside the dial because it 1s necessary 
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that the two hands shall beat the level of the face of the dia! and 
yet be able to pass each other. The hour hand may be dis- - 
regarded here, as the records needed are almost never an hour 
long. The manner of using the time stamp to determine the 
value of an interval was to stamp the time of day at the be- 
ginning of the period, and then to stamp the time of day at the 
close of the period at another place on the paper, as shown 
in Fig. 2, and finally mentally to subtract the one time òf day 
from the other to get the value of the period. 

The inventor of the new machine conceived the idea that, 
if the time-stamp were provided with guides or gauges so that 
the card could be placed both times in the same position, and 
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Time Stamp Record. 


the two records of the time stamp thus be superimposed con- 
centrically (as illustrated in Fig. 3), the value of the period 
would be represented by the arc marked off by the initial and 
final imprints of the minute hand, so that, instead of sub- 
tracting one record from another, he had only to find the value 
of the arc marked off by counting the corresponding number 
of minutes along the dial. 

The inventor had thus gotten nd of the subtraction, but there 
were several desirable qualities not yet obtained. First, he 
could not tell from the record alone, whether it was the longer 
or the shorter arc marked off that was the measure of the period. 
For instance, he could not tell whether the period was 7 or 
58 minutes. This was because the two hand or pointer im- 
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prints were exactly alike except in position. So he conceived 
the idea of making the pointer imprints different in appearance, 
by providing the pointer die with a mark in line with the pointer, 
as illustrated in Fig. 4. 

The mark and pointer revolve together and either the dies 
or the platen are so arranged that the mark can be printed 
without the pointer at the initial imprint and the pointer 
at the final imprint as in Fig. 5, the mark being printed or 
not at the final imprint, as desired. This could be done either 
by allowing the pointer die or the corresponding portion of 
the platen to remain retracted from the paper during the first 
printing. 
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Elapsed Time: 10:15— 9:23 = 52 minutes. 
To read this record, hours and minutes must be subtracted from 
hours and minutes, an operation liable to much error. 


It could thus be told with certainty from the record alone 
whether the longer or the shorter arc is the measure of the 
period, because the beginning of the arc is that indicated by 
the imprint of the mark without the pointer. 

There was still something to be desired. The counting of 
the minutes along the measuring arc was a waste of time, if 
the value of the arc could in some way be directly indicated. 
If the hand were set back to 12 o'clock for the initial imprint, 
the final 1mprint would show the hand pointing directlv at 
the minute whose number on the dial 1s the value of the period' 
and it would not even be necessary to count. But the setting 
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of the hand back to zero would prevent its making the final 
imprint of any previously begun record, so that the machine 
could only be used for one record at a time. It was desirable 
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Fic. 3. 
Subtraction eliminated but counting still required and uncertainty 
whether elapsed period is 7 or 53 minutes. 


to have a machine that would record any number of overlapping 
intervals at the same time, so that one machine would record 
the intervals of all the telephone conversations under the 
control of a single operator, or rather of two operators, because 
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Hand and zero mark revolving within stationary dial. 


both of them could reach the same machine. So it wouldn’t 
| do to set the hand back to zero, as the hand must rotate con- 
stantly and uniformly. Then why not set the zero up to the 
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hand at each initial imprint? This meant making the dial 
rotatable, as well as the hand. It gave an initial record like 
that shown in Fig. 6. 

The inventor then thought of securing the dial to the pointer 
die so that they would revolve together, the zero of the dial 
being in line with the pointer, as illustrated in Fig. 7. This 
would obviate the necessity of setting the zero of the dial up 
to the pointer at the initial imprint. 

But again the improvement involved a difficultv. As the 
dial rotated, its final impressions would never register with its 
initial impressions and would therefore alwavs destroy them. 
As the first imprint of the dial was the onlv useful one, and as 


Initial imprint of zero mark alone and final imprint of hand (and 
zero). Elapsed time, 8 minutes. No subtraction and no uncertainty 
as to which imprint first, but counting still required. 


the second imprint only made trouble, the inventor conceived 
the idea of not making any imprint of the dial at the close of 
the period, and this he accomplished by making the annular 
portion of the platen covering the dial so that it could be ad- 
vanced to print or not as desired. As the zero of the dial 
always marked the beginning of the measuring arc, it served 
the same purpose as the mark in line with the pointer, and the 
latter could now be omitted. 

The final machine then consists simply of a revolving die 
which, as shown in Fig. S, consists of a graduated and pro- 
gressively numbered dial, having a pointer revolving in line 
with the zero, and the machine has a platen consisting of an 
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inner circular portion over the pointer and an annular portion 
over the dial, each portion being operated by a separate handle 
so that the dial can be printed at the beginning of the period 
and the pointer alone, at its close. 

The final record has an initial imprint of the dial, Fig. 9a, 
the zero of the dial showing the position of the pointer at the 
beginning of the period, and a final imprint of the pointer alone, 
as shown in Fig. 9b, the complete final record, Fig. 9c, consisting 
of the superimposition of these two records, and showing the 
pointer in line with that graduation whose number is the value 
of the period. Here is a record not onlv involving no sub- 
traction and no uncertainty but not even, counting in its record, 


Fic. 6. 
Dial moved up to initial. position of zero mark. Elapsed time, 11 
minutes. No subtraction, no counting, no uncertainty; but only one 
record possible at a time. 


and, as it was made without disturbing the motions either of the 
pointer or dial, any number of records of other periods could 
have been begun or finished while the machine was measuring 
the period in question. 

Hiding all the intermediate steps in the evolution of this 
invention, it seems the result of spontaneous creation, but 
considering the steps in their successive order, it will be seen 
that the invention is an evolution from the time-stamp; that 
logic rendered the effort of the imagination at any one step 
small by comparison, and that the individual steps might be 
well within the capacity of a person to whom the spontaneous 
creation of the final invention might be utterly impossible. 
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À most interesting example of the evolution of an invention 
is that of the cord-knotter of the self-binding harvester. The 
problem here was to devise a mechanism which would take place 
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Dial with pointer at zero revolving together. 


of the human hands in tying a knot in a cord whose ends had 
mechanically been brought together around a bundle of grain. 
The first step was to select the knot which could be tied 
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Dial with pointer at zero revolving together, zero mark on pointer 
being replaced by zero of dial. 


by the simplest motions. The knot which the inventor selected 
is that shown in Fig. 10, and is a form of bow-knot. 

The problem was to find how this knot could be tied with 
the smallest number of fingers, making the smallest number 
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of simple movements. As anyone would ordinarily tie even 
this simple knot, the movements would be so numerous and 
complex as to seem impossible of performance by mechanism. 
The inventor, by study of his problem, found that this knot 
could be tied by the use of only two fingers of one hand, and 
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Complete Record. 


Simple, direct-reading record. No subtraction, no counting, no uncer- 
tainty. Any number of overlapping periods recorded on one machine. 


by very simple movements. The knot will best be understood 
by following the motions of these fingers in tving the knot. 
Using the first and second fingers of the right hand, they are 
first swept outward and backward in a circular path against 
the two strands of the cord to be tied, as shown in Fig. 11. 
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The fingers continue in their circular motion backward, so 
that the strands of the cord are wrapped around these fingers, 
as shown in Fig. 12. 

Continuing their circular motion, the fingers approach the 
strands of the cord between the twisted portion and a part of 
the machine which holds the ends of the cord, and the fingers 
spread apart as shown in Fig. 13, so that they can pass over 
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and grasp the strands thus approached, as shown in Fig. 14. 
The fingers then draw back through the loop which has been 
formed about them, the fingers holding the grasped portion of 
the strands, as shown in Fig. 15. 
The knot is finished by the completion of the retracting 
movement of the fingers through the loop, thus forming the bow 
of the knot as shown in Fig. 16. 
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The inventor found that one finger could have a purely 
rotary movement, as if it were fixed on the arm and unable to 
move independently of the arm, and the movement being as if 
the arm rotated like a shaft, but the second finger must be 
further capable of moving toward and from the first finger 
to perform the opening movement of Fig. 13, and the closing 
movement of Fig. 14 by which it grasps the cord. The in-, 
ventor accordingly, from his exhaustive analysis of his problem, 
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and his invention or discovery of the proper finger motions, 
had further only to devise the very simple mechanical device 
illustrated in Fig. 17 to replace his fingers. 

The index finger of the hand is represented by the finger S, 
which is integral with the shaft V. The second finger of the 
hand is represented by the finger U, which 15 pivoted to the 
first finger by the pins. The grasping movement of the finger 
U is accomplished by a spring V’ bearing on the shank U’, 
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and its opening movement is caused by the travel of an anti- 
friction roll U", on the rear end of the pivoted finger, over a 
cam V”, on the bearing of the shaft. The shaft is rotated by 
the turning of a bevel pinion W on the shaft through the action 
of an intermittent gear. The necessity of drawing the fingers 
backward to accomplish the movement between Figs. 14 and 16 
was avoided by causing the tied bundle to have a motion away 
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from the fingers as it is expelled from the machine, the relative 
motion between the fingers and the knot being the same as if 
the fingers drew back. 

Thus the accomplishment of a seemingly almost impossible 
function was rendered mechanically simple by an evolution 
from the human hand, after an exhaustive and ingenious 
analysis of the conditions involved. 


^ 
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It will be seen from the examples I have given that the con- 
structive part of inventing consists of evolution, and it is the 
association of previously known elements in new relations(using 
the term elements in its broadest sense). The results of such 
new association may, themselves, be treated as elements of 
the next stage of development, but in the last analysis nothing 
is invented or created absolutely out of nothing. 


Pia; 1d. 


It must also be apparent, that pure reason and method, 
while not taking the place of the inventive faculty, can clear 
the way for the exercise of that faculty and very greatly reduce 
the demands upon it. 

Where it is desired to make a broadly new invention on 
fundamentally different lines from those before—having first 
studied the art to. find the results needed, the qualities of 
the material or other absolutely controlling conditions should 
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be exhaustively considered; but at the time of making the 
inventive effort, the details should be dismissed from the mind 
of how results already obtained in the art were gotten. One 
should endeavor to conceive how he would accomplish the 
desired result if he were attempting the problem before any 
one else had ever solved it. In other words, he should endeavor 
to provide himself with the idea elements on which the im- 
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agination will operate, but to dismiss from his mind as much 
as possible the old ways in which these elements have been 
associated, and thus leave his imagination free to associate 
them in original and, as to be hoped, better relations than before. 
He should invent all the means he can possibly invent to accom- 
plish the desired result, and should then, before experimenting, 
go to the art to see whether or not these means have before 
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been invented. He would probably find that some of the 
elements, at least, have been better worked out than he has 
worked them out. Of course, mechanical dictionaries, and 
other sources of mechanical elements and movements will be 
found useful in arriving at means for accomplishing certain of 
the motions, if the-invention bé a machine. Many important 
inventions have been made by persons whose occupation is 
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wholly disconnected with the art in which they are inventing, 
because their minds were not prejudiced by what had already 
been done. While such an effort is likely to possess more orig- 
inality than that on the part of a person in the art, there is, of 
course, less probability of its being thoroughly practical. The 
mind well stored with the old wavs of solving the problem will, 
of course, be less likely to repeat any of the mistakes of the 
earlier inventors, but it will also not be as apt to strike out on 
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distinctly original lines. It is so full, already, of the old forms 
of association of the elements as to be less Bue to think of 
associating them in broadly new relations. 

Nothing should be considered impossible until it has been con- 
clusively worked out or tried by experiments which leave no 
room for doubt. It is no sufficient reason for believing a thing 
won't work because immemorial tradition, or those skilled in 
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the art, sav it will not work. Many an important improvement 
has been condemned as impracticable, by those in the art, 
before it has been tried. 

A conception which an inventor has been striving for un- 
successfully will sometimes come to him at a time of unaccus- 
tomed mental stimulation. The slight stimulation of the 
movement of a train of cars, and the sound of music, have 
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been known to produce this effect. The sub-conscious mind, 
after having been prepared by a full consideration of the problem 
to be solved, will sometimes solve the problem without con- 
scious effort, on the part of the inventor. 


Fie: 17. 
The essential parts of the cord-knotter. 


In inventing a machine to operate upon any given material, 
the logical way is to work from the tool to the power. The 
tool or tools should first be invented, and the motions determined 
which are to be given to them. The proper gearing or parts 
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to produce from the power each motion for each tool should 
then be invented. It should then be considered if parts of 
each train of gearing cannot be combined, so as to make one 
part do the work of a part in each train; in short, to reduce 
the machine to its lowest terms. Occasionally a mechanism 
will be invented which is exceedingly ingenious, but which it 
is afterwards seen how to simplify, greatly at the expense of 
its apparent ingenuity. This simplification will be at the sacri- 
fice of the pride of the inventor, but such considerations as cheap- 
ness, durability and certainty of action leave no choice in the 
matter. It will sometimes be found that a single part can be 
made to actuate several parts, by the interposition of elements 
which reverse the motion taken from such part, or which take 
only a component of the motion of such part, or the resultant 
of the motion of such part and some other part. Where a 
machine involves the conjoint action of several forces, it can 
be more thoroughly studied, if it 1s found there are positions 
of the machine in which one force or motion only is in operation, 
the effect of the others in such position being eliminated, and 
thus the elements making up the resultant effect can be in- 
telligently controlled. 

The drawing board can be made a great source of economv 
in producing inventions. If the three principal views of all 
the essentiallv different positions of the parts of a machine are 
drawn, it will often be found that defects will be brought to 
light which would not otherwise have been observed until 
the machine was put into the metal. 

It is desirable to see the whole invention clearly in the mind 
before beginning to draw, but if that cannot be done, it is 
often of great assistance to draw what can be seen, and the 
clearer perception given by the study of the parts already drawn, 
assists the mind in the conception of the remaining parts. 

If the improvement which it is sought to make 1s a process, 
it should first be considered whether any radically different 
process сап be conceived of, and if so, whether or not it is better 
than the old process, and the reason for its defects, and whether 
it is possible to cure those defects. If the old process appears 
to be in the right general direction, it should be considered 
whether one of the old steps cannot with advantage be replaced 
by a new one, or whether the order of performing the steps cannot 
be changed to advantage. І have in mind one process in which 
a reversal of the order of steps resulted in giving the product 
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certain desirable qualities which had before been sought for, 
but could not be obtained. 

It is sometimes desirable not only to invent a good process 
of producing a product, but to control all feasible processes 
of producing the product. Such a case occurred where the pro- 
duct itself had been patented, and it was desirable to extend 
the monopoly bevond the time when the patent on the product 
should expire. There were two steps or operations which were 
essential to the production of the product, and the inventor, 
by reference to permutations, saw that there were but three 
orders in which those steps. could be performed; first, the order 
A-B, then the order B-A, and then both steps together. The 
order A-B was the old order, which did not produce an article 
having the desired qualities. The inventor therefore, pro- 
ceeded to invent ways by which the steps could be performed 
together, and then bv which they could be performed in the 
reverse order, and the patenting such two processes would cover 
generically all possible ways of making the article and secure 
the desired result of putting himself in position to control the 
monopoly after the patent on the article had expired, because 
no one could make the article without using one of his two 
processes. 

In inventing compositions of matter there is one inventor 
who, if he 15 seeking for a certain result, will take a chemical 
dictionary and make every possible combination of every sub- 
stance that could by апу possibility be an ingredient of that 
which he desires to produce. It 1s as if he were seeking to 
locate a vein of mineral in a given territory, and, instead of 
observing the geographical and geological formation, and thus 
seeking to arrive at the most probable location of the vein, he 
should dig up every foot of earth throughout the whole terri- 
tory, in order finally to locate the vein. This method is ex- 
ceedingly exhaustive, but does not appeal to one as involving 
much exercise of the inventive faculties. 

Inventing has become so much of a science, that if one is 
willing to spend sufficient time and money to enable a com- 
petent corps of inventors to go at the matter exhaustively, 
almost any possible invention involving but a reasonable 
advance in the art can be perfected. 
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ELECTRICAL CONNECTIONS FOR POWER STATIONS. 


BY DAVID В. RUSHMORE.* 


The division and arrangement of units and the system of 
electrical connections in a power station have much to do 
with the cost and successful operation of the plant. Condi- 
tions vary to an extent which prohibits the use of standard 
arrangements, but certain general principles are applicable to 
. all layouts. For the purpose of this paper the factors to be 
considered are generators, transformers, lines, bus-bars, and 
switches with their relays. The kind of load, number of sta- 
tions on system, lines in parallel, number of lines, size of gen- 
erator and transformer units, and local conditions, govern the 
power house arrangements. | 


GENERATORS. 


The relation of generator to station capacity depends upon 
the head of water; number, tvpe and speed of wheels; the re- 
lation of minimum to maximum stream flow; somewhat on 
the number of transmission lines; the svstem of connections and 
the proposed method of operating; occasionally on maximum 
commercial sizes; and upon a number of minor factors which 
vary in relative importance. The number of generators, if a 
one-plant system, should never be less than four, preferably 
five; and beyond that as few as conditions will permit. 

Generator voltages increase with capacity: -2 300 volts is 
standard up to about 2000 kw.; above which 6 600 volts is 
desirable. Above 5 000 kw., machines mav be wound for 11 000 


*The author's thanks for suggestions and assistance in preparation of 
material are due to Messrs. S. W. Mauger, D. H. Plank, and G. T. Fielding. 
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volts, 60 cycles, or 13 200 volts, 25 cycles. With certain capa- 
cities, speeds, and frequencies, 22000 volts are permissible. 
The cost of switches is closely connected with generator voltage 
and capacity. In many cases, transformers may be omitted 
and power distributed directly from the generator. 

Generator regulation has a direct bearing on the rating of 
switches employed. A very good regulation makes more difti- 
cult the opening of the circuit and produces an explosive action 
which is undesirable. When considered in view of the in- 
creased expense, a regulation better than 8% or 10% for power 
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transmission has few compensating advantages, if a compara- 
tively straight saturation curve is emploved. 

A star generator winding is almost universal; occasionally 
the neutral 15 grounded. 

Generators will stand short-circuit conditions for some time, 
so that automatic generator switches are unnecessary. 

A circuit-breaker should not be used in the generator field, 
although one with a reverse-current trip is desirable when 
exciters are run in parallel. The exciter field-switch may be 
automatic instead of the high-tension switches, if the results 
are allowable. 
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Note.—Dotted lines denote future installation. 

Relay No. 1.—Definite time-limit overload, tripping switches “ p 

Relay No. 2.—Inverse time-limit overload, series, tripping switches 
“D" and "E" 

Relay No. 3.—Definite time-limit overload, tripping switches (с 

Relay No. 4.—Inverse time-limit overload, tripping switches “a 

Switches “ B,” “G” and " H " are non-automatic. 

All oil-switches are H-3. 
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TRANSFORMERS. 


The points which have to be considered concerning trans- 
formers in a system of station connections are: the number of 
units, rated capacity, and capacity relative to that of station 
generators and lines; the system of high- and low-voltage trans- 
former connections, delta, star, etc., and whether grounded, 
single or three phase, the number of taps and the number of 
systems at different voltages fed from the same transformer 
bank. Many points of importance in station design, such as 
the choice of oil type or air-blast type, the overload capacities, 
temperature and regulation guarantees, insulation specifica- 
tions, and protective devices—have no direct bearing on the 
choice of a system of connections and are not considered here. 

The capacity of a transformer bank is preferably made that 
of a generator, and, if possible, so is that of the line. With 
many large units this may be done. At least two transformer 
banks should be used, and duplicate lines fed to any sub- 
station where the continuous supply of power is essential. If 
a large number of generators are installed, it may be desirable 
to make a unit of one transformer and two generators. In 
other cases the number of transformers is entirely independent 
of that of the generators. If it is desired to avoid high-tension 
switching and the use of current transformers on the high- 
tension side, the transformer bank may sometimes advantage- 
ously be made a unit with the line. The transformer bank can 
always equal the generator capacity, but the reverse 1s not 
true. It is desirable, whenever possible, to have the trans- 
former banks make a unit with either the generator or line. 

The transformer connections to be used are not definitely 
decided by conditions, and the use of a star or delta on the 
high-tension side is still a matter of discussion. The subject 
is too large to be discussed at length here. As a matter of 
fact, experience shows that either system, if properly installed 
and carefully operated, will give satisfaction. The writer 
believes, however, that 1n most cases of high-voltage transmis- 
sion, the preponderance of advantage 15 on the side of the 
grounded star connection. There are, however, cases where 
the delta is preferable. A delta low tension may be almost 
called standard. 

The use of single- or of three-phase transformers 1s a matter 
of building design, transportation, cost, reserve capacity, and 
repairs. In the case of many large units, it costs no more to 
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have a spare three-phase unit than a single phase and, if a 
transformer-generator unit svstem is used, the disablement of a 
three-phase transformer is no more serious than one of a single- 
phase bank, unless the load be carried on two transformers. 
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The matter of cost can be calculated for each case, and there 
is always a dividing line where the relation of cost is reversed. 
Three-phase transformers are more difficult to transport. A 
reserve unit in either case 1s necessarv. 

In many cases, a local low-voltage distribution is necessary; 
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and two or more voltages can often be run from the same trans- 
former bank with simplicity of connection and low cost as 
compared with the installation of separate banks. 


300-ampere, 13 000-volt, triple-pole, single-throw 
type F, form K-2 oil-switch. 


SWITCHES. 
Switches are difficult to classify. The accompanying 
table, prepared for the writer by Mr. Н. L. Smith, illus- 
trates the divisions under which they fall. For purposes of this 
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paper, only oil-switches, such as the large electrically operated 
tvpes and the smaller ones often attached to the panel 
bank, will be considered. 

Switches are named according to their use: as generator, 
selector, transformer, bus-bar, line, sectionalizing, group, feeder, 
disconnecting, etc. А selector-switch may, of course, be for 
generator, transformer, or line. 

A switch must withstand the electrical stresses, carry the 
current, and be able to open the circuit under the worst con- 
ditions to which it will be subjected. 


Oil-switch, 1 200 amperes, 13 000 volts, triple-pole, single-throw, show- 
ing construction of special cell using standard litholite brick barriers. 


Standard insulation is for at least 2.5 times rated voltage. 

Current-carrving capacity 1s in accordance with the two-hour 
overload rating of generators and transformers. 

Rupturing capacity depends upon the automatic time ele- 
ment used, and the generator capacity behind the switch at 
time of opening. The illustration shows that if the current is 
ruptured during the first few cvcles after short circuit, the condi- 
tions are more severe than if a time-element were used. 

Recommendation is sometimes made that two oil-switches 
be placed in series to open together, although they close sepa- 
rately. With the well-deserved reputation of modern oil- 
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switches, now long past the experimental stage, the advisability 
of this is questionable. To allow for testing switches, before 
using, two in series is a great advantage. 

GENERATOR SWITCHES. ; 

Generator switches control and protect the generator. Like 
all other switches in a power house, the conditions to be met, 
and the proper type and rating to be installed, depend not only 
upon the output and characteristics of the machine, but also 
upon the general connection system, the capacities and action 
of other switches, and the plan of operation. With a selector, 
bus-bar, or low-tension transformer switch in series, possessing 
automatic overload features, the generator switch is preferably 
non-automatic. Sometimes itis equipped with a reverse-current 
relay but this is not recommended as—the relay being depen- 
dent on voltage for operation—it is not reliable under short- 
circuit conditions. Occasionally, where conditions demand it, 
an inverse time-limit relay is employed. With more than two 
generators on a bus-bar section this will cut out the injured 
machine. If the generator switch is non-automatic it will 
have less to open than the line-switch, and a less expensive 
type can be used. It should, however, be able to open the 
normal short-circuit current of all generators, less one, on a 
bus-bar section. 

With two electrically-operated switches in series, both may 
be tried before being finally closed, and the one without the 
automatic feature may be used for synchronizing. 

Where no low-tension bus-bar is employed, or only a trans- 
fer bus-bar used, the generator switch may be omitted; this is 
frequently done in railway generating stations where the num- 
ber and size of units permit of a generator-transformer unit 
combination. 

Not infrequently the desire for symmetry is the reason for 
installing all switches of the same general type. 


SELECTOR-SWITCHES. 


A selector-switch may be defined as one which will throw a 
circuit on any of two or more sources. It may be used for 
generator, transformer, line, or bus-bar. With duplicate bus- 
bars and single-throw switches, two are necessary to allow a 
circuit to be thrown on either bus-bar. If it is not necessary 
to throw them under load, air-break disconnecting switches 
may be used. 
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Selector-switches are frequently automatic with an inverse 
time-element giving practically instantaneous trip under severe 
short-circuit conditions. 


TRANSFORMER SWITCHES. 


Both high- and low-tension transformer switches are used in 
stations with many units. Both тау be tripped from a differ- 
ential relay which operates only in case of internal short cir- 
cuits. The current-carrving capacity of transformer switches, as 
of other switches, is equivalent to the two-hour overload rating 
of generators. In some arrangements the oil-switch is omitted 
on the high-tension side of the transformer, and an air-break 
disconnecting switch used. If a transformer-line unit com- 
bination is employed, the high-tension switch may be omitted. 
With an automatic line-switch, that on the transformer is 
made automatic only for internal troubles, the overloads being 
cared for by the attendant. 


Bus-BarR SWITCHES. 


Bus-bar switches, which tie the various units to a bus-bar 
are used for parallelling in case of transfer bus-bars. Where 
no necessity exists for operating under load, an air-break dis- 
connecting switch may be all that 1s needed; їп other cases, an 
oil-switch is used. Where automatic features are desired, an 
inverse time-limit relay may be used which, in a station con- 
sisting of unit systems, will entirely isolate the unit in trouble, 
which should also be simultaneously cut off from the sub-sta- 
tion. In parallel operation, these switches are used for svn- 
chronizing. It is sometimes arranged to have the same over- 
load relay, trip both the low-tension bus-bar and generator 
switches. 


LINE-SWITCHES. 


Switches for outgoing lines may be considered of first im- 
portance, most disturbances being external to the station and 
necessarily removed under emergency conditions. They are 
to disconnect all line and distribution troubles and consequently 
are subjected to severe conditions. They should alwavs be of 
ample capacity. With more than two transmission lines 
automatic features are desirable and, in combination with 
automatic sectionalizing switches in the sub-station, will cut 
out a disabled line. 
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SECTIONALIZING SWITCHES. 


Most of the remaining switches in a station may be less ex- 
pensive and of smaller capacity, if the high- and low-tension sec- 
tionalizing switches are fitted with instantaneous relays. These 
switches, opening before the others, reduce the capacity which 
a switch must handle. The bus-bars may be sectionalized in 
a number of places, and simple disconnecting switches may be 
used if conditions of operation permit. For a station of large 
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Capacity, operating in parallel, an oil-switch with instantaneous 
time feature should be used. 


RELavs. 


Small stations may rely upon an operator; large plants 
need automatic switches. 

Relavs are electrical devices which operate switches at prede- 
termined points of load. They allow sensitiveness of operation to 
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Instantaneous overload relays, circuit-opening type. 


Instantaneous overload relays, circuit-closing type. 
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be combined with powerful action. Alternating-current relays 
may operate for overload, reverse current, reverse phase, and 
low voltage. The time element may be instantaneous, inverse 
time-limit, or definite time-limit, and the action may be 
either to open or close an auxiliary circuit. Overload and reverse 
current relays may have апу time attachment. Reverse-phase 
and low-voltage relays are usually instantaneous. Circuit- 
closing relays imply direct-current switch actuation; and cir- 
cult opening, alternating current from current transformers. 

Instantaneous relays are used at points of load, and to sec- 
tionalize the bus-bars at both generating and sub-stations, and 
relieve switches with time-limit attachments from opening 
the total generator capacity; also, where the fire risk is great, and 
a disconnection of part of the load is preferable to temporary 
disturbance. If used on feeders, a switch of maximum capa- 
city is necessary to open the large circuits existing during 
initial short-circuit conditions. Most systems are subject to 
disturbances and it is better, as a rule, to allow such disturb- 
ances rather than cut off the power. 

Inverse time-limit relays protect apparatus from injurious 
heating by excessive overloads. When placed on parallel 
feeders, they will cut off the faulty one, and may be used on 
generator switches instead of reverse-current relays, which are 
not satisfactory under short-circuit conditions. Generator 
switches are preferably non-automatic. 

With unit svstems the transfer bus-bar switch is usually oper- 
ated by an inverse-time relay. An inverse time relay 15 also 
used when large variations of load occur in starting of syn- 
chronous or induction motors. Definite time-limit relavs are 
used, and occasionally placed so that they open switches in 
sequence, beginning with the remote load until the trouble 15 
removed. They are used on line-switches and for disconnecting 
transformers in conjunction with instantaneous relavs оп bus- 
bar sectionalizing switches, and inverse-time limit of bus-bar 
switches. 

The use of the time-limit feature of relavs is subject to some 
personal equation. 

Reverse-current relays are theoretically desirable оп gen- 
erator switches, and to protect sub-stations with multiple 
feeders, but practically they are not satisfactory. 

Low-voltage relays are employed mainly on motor switches 
to ensure having resistance in series when starting, or the proper 
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Time-limit overload relays, circuit-opening type. 


Time-limit relays, circuit-closing type: 
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controller connections at such time. The time function 1s 
instantaneous. 

Reverse-phase relays, which are usually of the instantaneous 
type, are used to trip a switch in case of improper motor con- 
nections. 

Relays are now to be had which are entirely reliable and, if 
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given proper inspection, adjustment, and care, add greatly to 
the satisfactory operation of a large plant. 
Bus-Bars. 
Bus-bars are called high-tension, low-tension, generator, trans- 
former or feeder, duplicate, auxiliary, tie, synchronizing, and 
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transfer. Historical examples and theoretical possibilities аге 
complicated, but actual constructions show relatively simple 
bus-bar arrangements. It is here that cost and convenience are 
opposed. A double bus-bar throughout, sectionalized, is the 
most flexible arrangement, and many plants are so constructed. 
A single bus-bar subdivided, with jumpers, comes next and for 


BINGLE PHASE THREE PHASE THREE PHASE "THREE PHASE 
: (GROUNDEO NEUTRAL) 


OIL-SWITCH 
TRIP-COIL 


CURRENT TRANSFORMERS 


GENERATOR 


TWO PHASE TwO PHASE 
(PHASES INTERCONNECTEC! 


Connections of oil-switches with trip-coils operating from current 
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many conditions is sufficient. With a generator, transformer, 
and line unit, high- and low-tension transfer bus-bars are all 
that is necessary. If generator and transformer units are used 
with a large number of feeders, a low-tension transfer bus-bar 
and duplicate high-tension bus-bar are desirable. Where a 
large number of generators are used, the low-tension bus-bars 
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may be dispensed with. Occasionally two generators are used 
with one transformer bank, in which case the low-tension 
bus-bar need not be continuous. A sectionalized bus-bar can 
be used for the same purpose as a duplicate arrangement, but 
lacks the flexibility of the latter. In high-tension stations, 
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A, ammeter. С Т. current transformer. 
V, voltmeter. P T, potential transformer. 
R W, recording wattmeter, D. C. S, switch. 


SRW, single-phase recording wattmeter C B, circuit breaker. 
B RW, balanced three-phase recording wattmeter К Е, receptacle. 


P RW, polyphase recording wattmeter. R, rheostat. 

S IW, single-phase indicating wattmeter. D R, discharge resistance 
BIW, balancedthree-phase indicating wattmeter О R, ohmic resistance. 
P I W, polyphase indicating wattmeter. I R, inductive resistance. 


S 1, synchronism indicator. 


the cost of the oil-switches becomes an important factor and 
every effort 1s made to keep their number as small as possible. 
. There is evidently no fixed rule by which the bus-bar ar- 
rangement can be definitely decided; any decision being a 
matter of judgment between conflicting tendencies of cost, 
convenience, reliability, and safety. 
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LINES. 


Decision regarding transmission lines depends on a number 
of different factors. It is an axiom that the continuous supply 
of power necessitates duplicate lines. With almost ideal con- 
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struction and care, and especially under favorable social and 
climatic conditions, a very close approximation may be made 
with but a single line. 

The capacity limit for a single line is dependent upon the 
power and the voltage. Excessive capacity, when concentrated 
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in a single fault, makes difficult switching and may produce 
disastrous effects. In general, the number of lines should be as 
few as possible. Many lines make an expensive station in- 
stallation; yet complete control of a system should be had 
from the power house, and a balance must be struck between 
these conflicting influences. 


SYSTEMS OF CONNECTION. 


The simplest system is for a single generator to feed directly 
into the line without transformers or bus-bars, and with a 
single switch. (Fig. 1.) Next comes the use of a single bus 
and a multiplicity of lines or feeders, necessitating a switch for 
each line, a single bus and a generator switch. (Fig. 2.) A 
second generator necessitates the addition of a bus sectionalizing 
switch (Fig. 3). The addition of another bus-bar necessitates 
selector switches for both lines and generators, (Fig. +) to allow 
any group of lines to be run from апу group of generators. If 
now we have a large number of feeders, we add a group-switch 
to the lines and a generator switch to the machine, and we 
have what might be called a standard svstem of connections 
for an urban railway svstem (Fig. 5). This arrangement is 
subject to discussion but possesses many valuable features. 
It will be noticed that both generators and line have two oil- 
switches in series, a point open to discussion. 

Fig. 6 represents the simplest lavout with transformers of a. 
single generator transformer bank, switch and line. This is 
used where a number of plants feed into the same svstem. With 
more than one line, as in Fig. 7, a bus-bar and transformer switch 
are used on the high-tension side. In Fig. 8 we have the next 
step, where a plurality of generators is connected to a low-tension 
bus-bar through generator switches, and a low-tension trans- 
former switch is employed. It will be noted that we have here 
two oil-switches in series. The arrangement shown in Fig. 9, 
while more complicated, is better, in that the plant is divided, 
and the two parts may be run independentlv and all of the 
transformer ‘‘ eggs are not in one basket." This arrangement 
is typical of an installation with manv feeders and with a number 
of small generators. 

Fig. 10 represents another step where the generator capacity 
is sufficiently large to allow of a generator-transformer unit com- 
bination with a duplicate outgoing line. This, with slight 
modifications, represents the lavout of one of the most modern 
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plants at present being installed. By running in parallel on 
the high-tension side only, any generator can be run with any 
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transformer. The whole station can be run in parallel or the 
two parts run separately. It will be noted here also that two 
switches are in series. | 
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Fig. 11 represents a modification where the generator capacity 
is relatively small, and a transformer line unit is used. 
Fig. 12 illustrates a generator, transformer, and line unit 
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which is very desirable and is possible in some plants. Here 
each unit may be run as an independent station or any single 
combination may be made. 
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A number of auxiliary bus-bars may be added to the arrange- 
ments shown, and frequently are in practice as convenience 
demands. 

The station connections which are shown represent the latest 
practice of,plants recently installed and are self-explanatory. 
The conditions necessitating these arrangements are, however, 
not evident, but in most a low first cost has been an important 
factor. 


A paper presented at the Bd Annual Conven- 
tron of the American Institute of Electrical 
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ECONOMIES TO BE DERIVED FROM THE UTILIZATION 
OF WATER POWERS OF LOW HEAD IN THE 
CENTRAL WEST. 


BY DUGALD C. JACKSON. 


The necessity, for the utmost reduction in the cost of their 
product is being pressed more determinedly upon the electric 
generating companies located in the smaller cities of the central 
west as the use of the electric current becomes more generalized. 
The extension and generalization of the use of current also 
goes hand-in hand with, and is encouraged by reduction in the 
cost of the plant output, since a generating company may ob- 
viously increase its sales at a rapidlv accelerating rate as the 
price of its product falls. 

It is well known to engineers familiar with the conditions of 
the central west that the electric plants of the cities of medium 
and smaller size have, until recent vears, been of characteristic- 
ally unsubstantial construction, and the operating expenses 
have been proportionately high. 

I propose to tell briefly something of the wav in which the 
electric light company in one of these smaller cities, namelv, 
Janesville, Wisconsin, a city of about 15 000 inhabitants, has 
improved its condition by getting awav from the old-time 
uneconomical plant to a plant of modern construction which 
is substantial, and is capable of producing current with so much 
economy that the use of the product has extended enormouslv 
during the last three vears. I take the situation in Janesville 
for the subject of this paper because of the unusual fact that 
the company has been able to utilize three separate water powers, 
two of which are used for continuous service, and the third for 
peak-load service. 
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Three or four years ago the Janesville Electric Company was 
operating a power house in the heart of the city, and was there 
utilizing a small amount of water power in conjunction with 
a considerable amount of steam power, of which the latter 
was generated under conditions of much inconvenience and 
lack of economy. The company also owned a small water 
power some miles from the city, and it utilized this for operating 
a synchronous motor in the citv station and the like. 

The company came into hands with financial strength and 
keen foresight, and it obtained nearly exclusive water rights 
at two dams on the Rock River, located within the limits of 
tie city of Janesville. 

An examination of Map No. 1 shows that the Rock River flows 
from the north into the city of Janesville, makes an easy easterly 
turn, and then swings sharply toward the west before it leaves 
the limits of the city. As it makes its turn through the city, 
it also makes a rapid drop in level. 

At a point which is a few blocks from the business center of 
the city, there is an old timber dam which has long been used 
to develop water power that was originally utilized for running 
a grist mill and other like purposes, a canal of some length 
having been extended along the margin of the river through a 
portion of the citv. The electric company obtained water 
rights for the greater portion of the power on this site, and also 
the site of the old grist mill upon which the company has erected 
a modern fireproof power house. This 1s the Central plant 
named on the Map. 

Just southwest of the point where the river turns sharply 
westward before leaving the limits of the city, is an old timber 
and stone dam, which has been in existence тапу vears. It 
formerly supplied power to a woolen mill, and of recent vears 
also furnished the power for operating a cotton mill; but the 
cotton mill was closed down, and the Janesville Electric Com- 
pany was enabled to obtain its site with power plant and 
the greater portion of the water rights at this dam. This 1s 
the Monterey site which is marked upon the Map No 1. 

The third water power 15 a small power about 12 miles 
from Janesville, the water rights of which are owned exclusively 
by the company. This is the Fulton site which may be seen 
on Map No. 2. 

I will denominate the plants at these three power sites re- 
spectively as the Central plant. the Monterey plant, and the 
Fulton plant. 
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Map No. 2.—Janesville and Fulton. 
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Upon securing the water rights and the mill site where the 
Central plant now stands, the Janesville company placed the 
development of a suitable electrical generating plant in the 
hands of engineers, The condition of the site at that time is 
indicated in the photograph marked Fig. 1. The old mill was 
torn down, a suitable forebay excavated, reinforced concrete 
penstocks erected, suitable waterwheels installed, and measuring 
gates erected at the entrance to the forebay. The measuring 
gates are large movable gates which are required because the 
electric company does not own quite all of the water rights. 


Fic. 1.—Upper dam and site of present Central plant, 
showing old grist mill. 


They were installed under the direction of. the county court 
for the purpose of properly dividing the water between the owners 
in accordance with their proportionate ownership. The condi- 
tion of the site while this work was going on is indicated by the 
photograph marked Fig. 2. Fig. 3 shows the site after the 
completion of the power house. 

In passing, I will remark that the concrete work for the 
penstocks was prosecuted in midwinter with the temperature 
at times 12-to 16 degrees fahr. below zero, but careful precautions 
were taken and the concrete has proved exceptionally free from 
defects. 
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The dam at the Central plant affords a head of 8.5 ft. at 
normal water, which is somewhat reduced in the case of high 
flood waters on account of the effect of back water. The Rock 
River rises in a marshy region in central Wisconsin, and has a 
drainage area of approximately 3 250 square miles above Janes- 
ville. It is a river of reasonably equable flow, though it is 
subject to quite low water in the late summer and rather high 
water in the early spring. Ordinarily it has a very satisfactory 
flow during those months that afford the greatest daily load for 
the electric light company. 


Fic. 2.—Upper dam and site of present Central plant, 
PI 
during progress of concrete work. 


The waterwheel equipment installed at this point consists 
of six wheels, four rated at 148 h.p. each, and two rated at 
100 h.p. each, the four being arranged to drive upon a main 
horizontal shaft, while the two drive an independent shaft. 
The latter two are wheels which were alreadv owned by the com- 
pany when this plant was developed. and thev were tempo- 
rarily installed for use until the demand for power shall become 
sufficiently great to make it worth while to replace them bv wheels 
corresponding to the other four. | 

The company had been. operating a rather mixed lot of cir- 
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cuits including Edison direct-current three-wire system, 110 
volts on a side, for incandescent lamp lighting, with 220-volt 
direct-current motors between the outside wires; 500-volt rail- 
way circuits; alternating-current incandescent electric lighting 
circuits; direct-current series arc lighting circuits, and circuits - 
to polyphase alternating-current motors. This mixed system 
had partially come about through the merging of two companies 
a considerable number of years ago, and partially through the 
gradual development of the plant toward an alternating-current 
plant. 


Fic. 3.—Upper dam and Central plant. 


When the Central plant was constructed and the old plant 
in the heart of the city abandoned, it was decided that the 
better economy lay in preserving the mixed system for the 
present, since considerable of the machinery was in very good 
shape and a good many direct-current motors were in use. 
Consequently the company stil maintains the direct-current 
three-wire system, the 500-volt electric railway circuits, and 
its alternating-current circuits for incandescent lighting and 
motors. It has changed its arc light system so as to use alter- 
nating-current series arc lamps operating from Thomson tub 
transformers. | 
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Such of the electric generators of the old plant as were modern 
and in good operating condition were moved to the new Central 
plant. These included one 500-volt generator for the ratlway 
load, two 110-volt generators for direct-current lighting and 
- power load, and a 250-volt direct-current machine which, with 
other purchased machines, serve a double purpose: namely, 
either to operate between the outside wires of the direct-current 
three-wire system, the 110-volt machines, or a compensator 
taking care of any lack of balance. or (connected in series with 
each other) to operate with the 500-volt generator in connection 
with the railway load. Additional 250-volt direct-current ma- 
chines have since been purchased and installed for a like purpose. 

A synchronous three-phase alternator of 6 600 volts pressure 
had been in use as a motor driving a jack-shaft in the old сиу 
station, receiving power from the Fulton plant, for the purpose 
of aiding the old сиу station in coping with its peak-loads. 
This machine of 85 kw. capacity and another three-phase 
alternator of 150 kw. capacitv were installed in the Central 
plant, and these are connected to the switchboard in such a 
manner that they may be used as synchronous motors to re- 
ceive power from either or both of the other generating plants, 
thus aiding to drive the generators in the central plant. Like- 
wise, they may be used as generators, being driven by the 
shaft of the Central plant, and thus deliver power to the poly- 
phase alternating-current circuits and tub transformers. The 
latter (four in number) are located in this plant and are divided 
two and two between two phases of the three-phase circuits, 
while the third phase is connected to the alternating-current 
incandescent lighting circuits. The three phases are utilized 
to operate polyphase motors, of which there are several of 
considerable capacity. 

The power house at the central station stands on made ground 
between the old power canal and the river bank. The founda- 
tions are supported on piles. When it came to building the 
house it was found that a concrete block building could be 
put up more economically under the particular circumstances 
than a building of brick and the block construction was there- 
fore chosen, the type of blocks being carefully selected so as to 
afford a satisfactory appearance. Artificial rock-faced blocks 
were used in the exterior lower courses and the pilasters of the 
building, while blocks with imitation. bush-hammered faces 
were used for the remainder of the exterior of the building. 
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All of the blocks are smooth on the faces exposed in the interior 
of the building. The roof-trusses are of steel, and the roof is 
covered with fire-proof roofing. An exterior view of the power 
house is afforded bv Fig. 3. The corrugated-iron extension 
to be seen in the photograph running toward the observer 
composes a covering for the wheel settings. 

The equipment in use in the power house includes two steam- 
engines and a boiler which were installed for reserve purposes. 
The boiler is a water-tube boiler purchased at the time of the 
erection of the power house and the two engines (respectively 
a Corliss engine of 300 h.p. and a high-speed engine of 150 h.p.) 
were moved from the old citv power house. 

The steam plant is arranged so that the Corliss engine may be 
connected by friction-clutch to the water-wheel shaft so that 
the steam and water power can work together. 

As the generators in this station are relatively small, they 
are all belted, and the 110-volt and 250-volt machines are oper- 
ated in pairs by tandem belts to save space. The low head makes 
the use of vertical water-wheels necessary, and bevel-gears 
are used for transmitting the power to the horizontal shaft. 

Some engineers who have not had experience in the operation 
of such plants undoubtedly may criticize the introduction of 
the small belted units into this plant and the use of tandem 
belts, but experience shows that it is satisfactory and re- 
liable; and there is no doubt that it has cost the company less 
per annum through operating these machines than the additional 
annual charge which would have been imposed bv selling these 
machines at second hand and purchasing others of uniform 
tvpe. The use of direct connected machines 15 not practicable 
under the conditions of the plant. 

The Monterey plant which 15 on the Rock River about two 
miles south of the Central plant is now operated from the old 
water-wheels of the cotton mill which are mounted in an un- 
satisfactory manner, and this summer will see the water-wheel 
development at this point extended so that the old wheels may 
be ultimately replaced and the full power of the site taken ad- 
vantage of. There is also located at this point an admirable 
Corliss engine of 350 h.p. which was part of the cotton mill 
equipment, and whichis still maintained by the electric companv 
as part of its steam reserve. One 275 kw. three-phase generator 
is now temporarily installed in this plant. driven by the old 
wheels of the cotton mill, of which there are four, three being 


524 JACKSON: WATER POWERS. [Mav 31 


rated at 100 h.p. each, and one being rated at 50 h.p. Ad- 
ditional generating capacitv will be added this summer after 
new concrete penstocks have been put in, and two new water- 
wheels of 250 h.p. each have been installed therein. The old 
equipment will probably be maintained for another vear to 
operate in conjunction with the new, after which it will be re- 
placed by larger and better apparatus. 

The generating capacitv of this plant mav be utilized in co- 
operation with the Central plant, either by operating a svn- 
chronous motor at the Central plant to aid in driving the direct- 
current machinerv, or bv delivering the alternating currents to 
the alternating-current distributing svstem through the Cen- 
tral plant switchboard, or both. 

The head which the Monterev dam affords at normal water 
is approximatelv 9.5 ft., which is somewhat reduced at times 
of excessively high water. А fair amount of storage exists in 
the pond above the dam at each of these plants, namely, the 
Central and Monterey plants, so that advantageous use may be 
made of the water for the variable load of the hyhting company. 

The Fulton plant is about 12 miles northerly from Janesville. 
It is located on the Yahara River, a stream: colloquially known 
as the Catfish, which 15 the outlet of a string of lakes which 
have surface area of about 60 square miles. The stream also 
has some sources of supplv from branch streams entering below 
the outlet from the lakes. The total drainage area covers ap- 
proximately 510 square miles above Fulton. The head afforded 
bv the dam is 14 ft. and the pond above the dam affords con- 
siderable storage capacity. This plant is therefore used only 
for peak-loads and 15 consequently operated only a few hours 
each day, under ordinary conditions, The plant has been in 
its present condition for a number of years. Its equipment 
includes three 75 h.p. water wheels and a 150 kw. three-phase 
generator. The water-whecls are vertical wheels geared to a 
horizontal shaft. A small generator is also installed in this 
power house for the purpose of contributing to the lighting 
of the town of Edgerton which may be seen on map No. 1. 
The latter generator is supphed by the owner of the electrical 
supply for the village of Edgerton, who owns a water power site 
of very low head on the Rock River at a point marked Indian 
Ford which can be seen on the map, and who found it desirable 
to buy some of his power from the Fulton plant of the Janesville 
company on account of the insuthciency of the Indian Ford 
plant. 
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This Fulton plant has a transmission line of 6 600 volts pres- 
sure. The city distribution circuits on the alternating-current 
system are of 2200 volts pressure. The alternating-current 
machines in the Monterey and Central plants are of 2 200 volts 
pressure with the exception of one old synchronous machine 
which is of 6 600 volts pressure. 

Transformers suitably located with respect to this 6 600-volt 
machine in the Central plant make it possible to use it in con- 
nection with the 2 200-volt lines as motor or generator, or to 
receive power from the 6600-volt line from. Fulton. The 
same transformers also provide means by which the 6 600-volt 
line may feed directly into the 2 200-volt distribution circuits. 

It will thus be seen that the three plants may work together. 
They ordinarily operate as substantially one generating unit by 
being associated during peak-loads. 

Under usual conditions of operating, the two alternating 
machines in the Central plant are utilized as motors in driving 
the direct-current machines, deriving their power from the 
other two stations, and the alternating-current distribution 
lines of the system are supplied by current from the other two 
plants through the Central plant switchboard. The arrange- 
ment of the switchboard is simple but it affords the possibility 
of operating the plants in any combination on the distribution 
circuits, either with each other or singlv, as the storage of 
water or other conditions may make desirable. A thoroughly 
efficient combination of the three plants is accomplished, and 
the company is remarkably well fortified against interruptions 
of service. 

The synchronous alternating-current machine, being opera- 
tive either as a generator or motor without any changes in its 
connections, is a device of great convenience in a system like 
that of the Janesville Electric Company. It also adds materi- 
ally to the reserve generating capacity of the plant so that 
some economy of space results, and some driving gear and ma- 
chinery is dispensed with. 

The map No. 3 shows that the drainage area of the Rock 
River above Janesville includes nearly the whole of the counties 
of Dane, Jefferson, and Dodge, and considerable portions of 
the counties of Rock, Waukesha, Washington, and Fond du Lac, 
most of which are notably excellent and well cultivated farm 
and dairy counties. This gives a reasonable basis for expecting 
fairly stable conditions of the water power, so that the future 
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power may be reasonably estimated from the records of the 
past. = 

The map illustrates іп a rather graphic manner the general 
characteristics of the drainage area with its numerous lakes 
and streams. The river has an average slope of about 1.2 ft. 
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Map No. 3.—Drainage area of the Rock River above Janesville. 
Scale, 1 in. = 10 miles. 


to the mile and runs through a country of loamy soil which 
was once covered bv extensive forests that have now disappeared, 
and the land is well developed for agricultural purposes. The 
area lies in the region of glacial drift which accounts for nu- 
merous lakes and marshes and their tributary small streams. 
The extreme source of the river 1s the extended Horicon marsh, 
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once a large lake, but now partially drained. The river 15 fed 
as it flows southward by numerous streams which usually 
themselves originate in small lakes and marshes, and it passes 
through Lake Koshkonong, widely famous as a feeding ground 
for canvas-back ducks during their migrations. About a dozen 
miles from Janesville the river receives the waters of the Yahara 
which discharge from the Four Lakes of Madison and from 
various small streams and marshes. 

The Fulton plant is located on the Yahara River above its 
junction with the Rock River. 

A peculiarity of the under soil of the area robs the river at 
Janesville of that uniformity of flow throughout the months 
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Fic. 4.—General character of variations of stages of water 
throughout the year. 


of each year which might be expected from the considerable 
area of lakes and marshes which contribute to the waters of 
the river. A substratum of sand and gravel or sandy nature 
lies beneath the surface soil and carries a heavy flow of under- 
ground water throughout the year. It may be reasonably sup- 
posed that a goodly proportion of the total waters discharged 
from fhe area are found in this underground flow and that the 
apparent river flow suffers most of the fluctuations following 
precipitation, thus causing an increased ratio between the waters 
discharged by the river in the high- and low-water months of 
each year. 

The guagings of the Rock River do not extend as far into the 
past as could be wished, and those records that exist are meager 
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and were mostly taken at stations below Janesville, but the 
drainage area extending to one of those stations is of the same 
general character as the area above Janesville, and estimates 
of the Janesville flow must be based on those gaugings. It 
seems on this basis, that the Janesville Electric Co., after rais- 
ing its dam at Fulton a little,can afford to install water-wheels 
with a capacity, as a probable ultimate limit of 2 500 h.p. to 
meet the requirements of increasing loads. Four fifths of this 
capacity would be about equally divided between the Central 
and Monterey plants and the remainder would be located at 
Fulton. This equipment would be made with the expectation 
of taking the utmost advantage of the storage ponds at the 
dams for the purpose of helping over peak-loads which demand 
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Fic. 5.—- Annual rainfall on drainage area of Rock River, 
averaged from records taken at eleven stations. 


more power than the normal flow of the river at the time, but 
do not exceed the capacity of the water-wheel installation. 
When the load has grown to make this water-wheel capacity 
needed, it may be expected to operate as much as five hundred 
or six hundred horse power of the steam reserve for several 
hours per dav during the months of November and December, 
and small amounts of steam power will likelv be required for 
short times during some davs in other months,—such as the 
months of August and September when the flow of the river 
is ordinarily at a minimum, or the months of March or April 
for the davs of excessively high water accompanied by decreased 
head caused bv back water. Fortunatelv the flow curve of 
the river has its lowest position in months when experience 
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shows that the demand for electrical energy is likely to be 
relatively small, and the total use of steam power for the year 
may be decidedly small. 
. Fig. 4 shows the general slope of the flow curve of the river 
during a year. This is merely typical, and is introduced to 
indicate the months of the year when the low and high water 
may be expected. The actual flow curve of the river has many 
sinuosities not shown. 

Rain fall records taken within the drainage area of the Rock 
River do not extend far enough into past years to be very 
serviceable as an aid to estimating the stability of the water 


power considered for a cycle of years, but Fig. 5 shows the 


Fic. 6.— Records of rainfall at Beloit and Milwaukee. 
Full line, Beloit; broken line, Milwaukee. 


annual rainfall averaged for 11 stations on the drainage area 
and extending back for 14 years. Fig. 6 shows the annual 
rainfall as observed for 50 years past at the cities of Beloit 
and Milwaukee. Beloit is located on the Rock River some 14 
miles below Janesville. Milwaukee is located directly on the 
shore of Lake Michigan, some 80 miles east of Janesville and 
a few miles east of the eastern boundary of the Rock River 
water shed. The effect of the environment of Milwaukee makes 
its rainfall records of little use for consideration in connection 
with the Rock River area. 

The Janesville Electric Company has made remarkable pro- 
gress under efficient management. During the vear 1905 the 
electrical output aggregated nearly 2 000000 kw-hr. which 
was absorbed by a city.of 15 000 inhabitants. The correspond- 
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ing output for the year 1903 was little exceeding one half as 
great. During the year 1905, which was the first year in which 
the full advantage of the water power at the Central plant 
was available, there were onlv five days during which the 
steam reserve was operated on account of lack of water power; 
these were the first five days of April when the water reached a 
height greater than had been recorded in the previous 20 years. 
During these davs, three fourths of the Fulton output was 
sent to Edgerton because the power of the low head Indian Ford 
dam was wiped out by the high water, and the Edgerton supplv 
had to be purchased from the Fulton plant, though ordinarily 
the Fulton plant only furnishes power to Edgerton in the 
winter time, to help out with the peak load between five and six 
o'clock. During the early part of the vear 1905 a steam driven 
generator was operated in connection with the street railway 
service, but this was due to the fact that the generating capacity 
had not been fully installed. During the very last part of the 
vear, the same condition arose on account of the growth of the 
output, and a steam-driven generator was connected on the 
street railway service nearly everv evening for a short time, 
but this condition will be helped after the pending Monterev 
improvements have been completed this summer. 

The saving in the cost of fuel over operating a steam-driven 
station 1s sufficient of itself to make a good return for the extra 
cost of the power development. 

The plants are also fairly economical from the standpoint of 
the labor required, considering the division between three sites. 
The Fulton plant, which operates upon peak loads, 1s operated 
and cared for bv one man who lives in the vicinity of the plant. 
When important repairs are required, men are sent from Janes- 
ville, but otherwise this one man furnishes all required labor. 
The Monterey plant is operated for the 24 hours by two men, 
one man on each 12-hour shift. The Central plant is operated 
by four men, two men on each 12-hour shift. Thus the three 
stations require a total of 7 operating attendants on the pay 
roll, whose labor 1s distributed during the 24 hours. These men 
have the care of substantially 1 200 kw. in generating capacity 
beside tub transformers, water-wheels, steam reserves, etc. If 
the plants were combined in a single steam-driven station fur- 
nishing the same varictv of service, such a station would probably 
require an aggregate of more than seven operating attendants 
on the pay roll. 
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SOME FUNDAMENTAL CHARACTERISTICS OF MERCURY 
VAPOR APPARATUS. 


BY PERCY H. THOMAS. 


INTRODUCTORY. 


The characteristic of the type of mercury vacuum apparatus, 
invented and developed by Mr. Peter Cooper Hewitt, which 
distinguishes it most clearly from other forms of vacuum tubes, 
is its power of passing a comparatively large continuous current 
with a constant and comparatively insignificant voltage loss. 
There are, of course, other important features of this mercury 
vapor apparatus characteristic to it, such as the negative elec- 
trode starting resistance; the disintegrating, reconstructing 
negative electrode, etc. 

It is the object of the present paper to discuss a number of 
the more prominent fundamental characteristics of mercury 
vapor apparatus, and their reactions on the related electric 
circuits; and further to suggest a conception of the nature of 
these phenomena which shall be consistent with the latest 
theory of electricity. A certain amount of repetition of in- 
formation already published will be unavoidabk. 


ELECTRICAL CHARACTERISTICS OF THE CURRENT PATH 
IN THE VACUUM. 

Current passing through the vacuum space in the mercury 
vapor apparatus experiences a loss of voltage, the numerical 
value of which tends to remain constant independent of the 
current strength, except with small currents; for example, 
currents less than one or two amperes. Although this voltage 
loss, or drop, is practically independent of the current strength, 
it still is not of the nature of the counter electromotive force of 
a storage-battery or motor, which latter are capable of delivering 
current in a reverse direction on the removal of the supplv 
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electromotive force. Neither is it equivalent to an ohmic re- 
sistance, for it 15 of an entirely different nature. It cannot be 
properly spoken of as a resistance at all; it is a voltage loss. 

This loss is the sum of three other losses, more or less dif- 
ferent in character; that is, the vapor loss, the positive electrode 
loss, and negative electrode losses. 

Vapor. 1. The voltage loss in the vapor increases with 
increase of vapor pressure, and more or less closely in propor- 
tion to this pressure; consequentlv, since the mercury vapor 
is saturated and its pressure depegds directly upon the tem- 
perature of the mercurv electrode, the vapor voltage loss is 
more or less proportional also to the temperature of the mer- 
cury electrode or electrodes. 

2. The voltage loss depends upon the chemical composition 
of the vapor; that is, it will be different with oxygen, hydrogen, 
and air, even at the same pressure; and all of these give a much 
greater loss than mercurv, which is one of the great advantages 
in the use of the latter. 

3. The voltage loss is directly proportional to the length of 
the vapor. 

4. The voltage loss is inverselv proportional to the diameter 
of the vapor path, but not, as might be supposed, inversely 
as the area of the path. 

9. The voltage loss is nearlv independent of the current 
strength, but varies slightly in a direction opposite to the 
current. The curves of Fig. 1 show the change of volt- 
age with change of current, and are characteristic respectivelv 
of the voltage across a 3.5-ampere commercial lamp and 30- 
ampere commercial converter bulb. These curves show directly 
the total voltage across the apparatus, but virtually represent 
the resistance of the vapor, plus a constant loss of perhaps 10 
volts at the electrodes. 

Positive Electrode: The loss of voltage which occurs at the 
positive electrode is practically independent of the current 
strength. The energy represented by this voltage appears as 
heat at the surface of the electrode. Тһе material of the 
solid positive electrode seems to have no appreciable direct 
effect on the volts lost, but a mercury positive, except when 
perfectly cold, has a loss some volts higher than the solid, 
probably because of a laver of comparatively dense vapor 
produced at its surface bv the current. This is usually to the 
disadvantage of the mercury electrode. As the watts energy 
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liberated in the form of heat at the positive electrodes in a 
commercial apparatus may be quite considerable, the solid 
positive electrodes have a further advantage over mercury in 
that they will become heated during operation, and radiate a 
considerable portion of the heat developed on them, as heat is 
radiated from a hot coal. This puts no burden on the cooling 
power of the bulb itself, while mercury positive electrodes will 
be kept cool by the evaporation of the mercury and additional 
vapor must be condensed by the bulb. The voltage loss on the 
positive electrodes is usually found to vary a good deal, but 
not on account of current variation. Its minimum value is 


a 
bx > єн TAME 
ш 2 = | T K ot 
EE. 
Y) 
ш > È 
10 75 9 
o 
М 
| 
СО 
> 
110 70 45 
100 65 40 
90 6 3 


about 5 volts. Apparently on account of an accumulation at 
this electrode of a certain amount of some foreign gas, such as 
air, which has already been stated to have a higher resistance 
than mercury vapor, the positive electrode loss appears often 
more than 5 volts. The loss is practically independent of the 
temperature of a solid positive electrode. 

Negative Electrode: During normal operation there is also a 
voltage loss at the negative electrode, practically independent 
of the current. In a mercury electrode this loss is probably 
about 4 volts. It is practically independent of temperature 
and phvsical form. 

This loss of voltage during operation must be distinguished 
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from the resistance to starting, residing at the negative electrode 
and usually called the negative electrode starting resistance, 
or, more briefly, the negative electrode resistance. 

The current enters the negative electrode through a very 
clearly defined small, bright area, or “ spot,’? even on very 
large electrodes, which normally flits about rapidly over the 
whole surface when not subjected to the influence of a magnetic 
field. When, however, a magnet is brought into the neigh- 
borhood, the electrode spot is driven to one side as far as the 
edge of the electrode. By providing an amalgamated metallic 
body at the surface of the electrode, the negative electrode 
spot may be caused, under some conditions, to rest quietly on 
the surface at the junction of the mercury and the solid mate- 
rial. 

The negative electrode spot causes a violent agitation on the 
surface of the mercurv and acts as though it exerted a pressure 
downward, making a depression on the surface. There is, at 
the same time, a verv rapid evaporation of mercury at 
this point, which seems to be an essential part of the transfer 
of the current from the vacuum space to the electrode proper. 
At the same time that the negative spot is vaporizing mercury, 
it is also heating the electrode itself, which finally becomes so 
hot as to cause further vaporization. The evaporated mercury 
is cooled and condensed by contact with the bulb, on the inside 
of which it collects in drops. The drops grow larger and finally 
run down into the electrode, tending to cool it. 

Thus by the passage of current, the negative electrode is 
heated and mercury evaporated—and further the vapor itself 
and the + electrode are heated. Since the coolest surface in 
contact with the vapor is the bulb, the vapor condenses on its 
surface, so that the heat which was abstracted from the mercury 
electrode by evaporation 15 delivered to the bulb by condens- 
ation. There 1s in addition some heat radiated directly from 
the + electrode when this is of solid material. <As there is a 
best pressure for the mercury vapor in the operation of the 
apparatus, it 15 evident that there must be a definite relation 
between the heat generated and the heat radiated or dissipated 
by the bulb. In mercury vapor lamps this fact leads to the use 
of the so-called “condensing chamber," for the light-giving tube 
alone has not, in the sizes used in practice, suthcient cooling 
surface and, furthermore, it is preterable that the condensation 
snall not occur where it can obstruct the passage of light. In 
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converters the main object is to get as much cooling surface 
as possible with the shortest practicable vapor path. 

The operating negative electrode when the current does not 
exceed 3 or 4 amperes, and the temperature is comparatively 
low, has a remarkable characteristic in that it experiences at 
irregular intervals an extremely sudden and abrupt return of 
the negative electrode starting resistance. This may occur in 
any degree of severity and at any instant. The tendency, 
however, lasts but for the briefest instant of time and has 
little or no effect on an ammeter measuring the current in 
the apparatus. As could be expected in view of this behavior, 
it is desirable to provide a mercury vapor apparatus using 
small currents, such for example as the 3.5-ampere lamp, 
with special means for overpowering this momentary increase 
of resistance. . The well known choke-coil ' (properly called a 
sustaining coil) used in connection with Mr. Hewitt's lamps, 
serves this purpose. It is evident that when once the current 
has been established in the coil, any action tending to stop 
the current is resisted by the energv stored in the coil, so 
that bv making the coil large enough, this resistance, which 
exists only the briefest instant of time, will be entirely over- 
come. This tendency practically disappears with currents over 
4 ог 5 amperes, and also when the negative electrode is very 
hot. It is most severe on a cold negative and on a small cur- 
rent. With one ampere on a cold negative it 1s very difficult 
to secure steady operation of the negative electrode. This 
tendency is, to a certain extent, cumulative; that is to 
Sav, a certain choke-coil will run the lamp a few seconds, a 
large coil a few minutes, a still larger coil an hour, while per- 
haps a still larger coil will be necessary for continuous opera- 
tion. It occurs absolutely independentlv of any variation in 
the supply voltage. 

Its most unexpected feature is itsextfeme abruptness, probably 


1 
at least of the order of 100 000 part of a second. Of course, 


only choke-coils with open magnetic circuits can respond 
quickly enough to be of service in counteracting this impulse. 
As a natural result of the extreme abruptness of this action, 
it has been found that even a verv slight electrostatic capacity, 
such as the capacity between a twisted pair of insulated wires 
10 ft. long, has a great weakening action on the coil if connected 
between it and the negative electrode. This result seems out 
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of proportion to the value of the energy stored in the capacity 
to the energy stored in the choke-coil. Presumably the brief 
instant required for the instantaneous charging of this small 
capacity which must be accomplished before the choke-coil 
can supply voltage to the electrode, is sufficient to allow the 
negative electrode resistance to be established. 


STARTING CHARACTERISTICS. 


A voltage cónsiderablv higher than the normal operating 
voltage may be required for starting the flow of current through 
the vacuum. Fora tube of definite diameter the difference be- 
tween the starting and the operating voltages is very small for 
short lengths of tube, perhaps up to 10 diameters. But the 
operating voltage increases directly as the length, while the 
starting voltage increases more nearly as the third power of 
the length, so that for long tubes there is a verv considerable 
increase of voltage required for starting. On the other hand, 
the starting voltage is lessened bv increasing the diameter 
of the tube. This high starting voltage is partly due to the 
necessity of establishing a path through the opposing gas, and to 
vapor molecules initially filling the whole space. Once such a 
path has been established with a considerable volume of current, 
a much less voltage will evidently keep it clear. In many types 
of apparatus it 1s found convenient to start on an auxiliarv 
positive electrode placed near the negative and transfer the cur- 
rent to the main positive electrode after starting. In this case 
the starting resistance of the vapor path to the main positive 
electrode must be overcome before normal operation can be 
established. In a converter bulb where the distance between 
the negative and the positive electrodes is comparatively 
short, no greatlv increased voltage is required for starting the 
current through the vapor path proper. In a lamp tube 45 in. 
long and 1 in. in diameter, such as is used in one tvpe of com- 
mercial lamp, several times the operating voltage mav be re- 
quired for starting the current through the vapor, independent 
of the negative elecwode starting resistance. A high resistance 
filament connected to the + electrode and extending into the 
neighborhood of the negative will reduce this vapor starting 
resistance bv allowing the current to climb up, so to speak. 

Positive Electrode: There appears to be no resistance to 
starting at the positive electrode other than the normal oper- 
ating resistance. | 
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Negative Electrode: The negative electrode starting resistance 
is too well known to need further description. There are two 
well known methods of overcoming this starting resistance: 

1. By establishing a current through a complete metallic 
circuit within the vacuum, and breaking this circuit within 
the vacuum, in which case the original current will continue 
to flow, since the negative electrode resistance never has a 
chance to assert itself. This result may be accomplished by 
having two mercury electrodes which may be brought into 
contact by tilting the container, or otherwise, or by moving 
Suitable parts from outside by a magnet. This type of starting 
is one of the most commonly used at the present time. 

2. The second method of starting consists in directly apply- 
ing a high potential with or without the addition of various 
means for reducing the starting resistance. 

This negative electrode starting resistance is a very variable 
quantity and ranges from almost nothing to many thousand 
volts, according to conditions. It is very much greater with 
a cold electrode, especially a cold mercury electrode. It is 
dependent upon the form and surroundings of such an electrode, 
and espécially upon the potential or charges on the outside and 
inside of the insulating walls which confine the electrode. If 
the negative electrode, as shown in Fig. 3, 1s provided with a 
metallic strip, called a starting band, outside the container, and 
this strip be charged at a potential different from the electrode, 
the starting resistance is weakened or mav be entirely overcome. 
On the other hand if this band or strip be connected to the 
negative electrode itself, the negative electrode resistance is 
rendered more stable since it is protected from charges. This 
is the principle made use of by Mr. Hewitt in starting some of 
his lamps, and has been already fully described by him. The 
connections are shown in Fig. 2. In this figure the interruption 
of the current in the quick-break switch S causes a momentary 
high potential impulse from the choke-coil 7, which is applied. 
both to the starting band in the neighborhood of the negative 
electrode and to the main positive electrode. The former 
serves to break down the starting resistance of the negative 
electrode, and the latter supplies the starting voltage for the 
vapor path. In this method of starting, a small spark or 
series of sparks can be seen jumping from the edge of the nega- 
tive electrode to the inside surface of the glass opposite to the 
starting band, which surface forms the inside coating of a small 
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condenser, the starting band being the outside coating. This 
small spark is undoubtedly what overcomes the negative elec- 
trode resistance. 


PHYSICAL NATURE OF VAPOR CONDUCTION. 


It is interesting to speculate as to the nature of the phe- 
nomena connected with mercury vapor apparatus, and to en- 


Fic. 2. Circuit for high-tension starting of direct-current lamps. 
К is ohmic resistance. 5 is a quick-break switch Z is inductance. 


deavor to discover some assumption upon which they can be 
explained, which shall also be consistent with the best hypo- 
thesis as to the nature of electricity. The writer has gradually 
arrived at a жау of looking at these things which explains 
nearly all of them quite satisfactorily, and it is here described 
for what it тах be worth, with the distinct understanding 
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that it is merely a tentative theory until a sufficiently com- 
plete body of information shall be available to prove or dis- 
prove it. 

We may assume that by electricity 15 meant a greater or less 
number of those small particles, described by J. J. Thompson 
as having a mass of about 4,5, part of the hydrogen atom, 
called electrons. A current of electricity, then, is nothing 
but a stream of these electrons. Since thev move in a di- 
rection opposite to the conventional current direction, they 
are said to carry a negative charge; whether the electrons are 
electricity or carrv charges of electricity 1s immaterial in this 
case. When we have a direct current passing through mer- 
curv vapor apparatus, we have a continuous stream of electrons 
passing from the negative to the positive electrode within the 
vacuum and returning through the external circuit, which must 
include a source of electromotive force. "These electrons are 
caused to move bv the electromotive force of the circuit, which 
causes an increase of potential (that is, a deficiency of electrons) 
at the positive and a decrease of potential (that is, a surplus 
of electrons) at the negative; or, to put it another way, a 
static charge is produced on the positive electrode which at- 
tracts the electrons, while thev are, of course, repelled from a 
negative charge on the negative electrode. The moving elec- 
tron, like a moving electric charge, stores energv electromag- 
netically; that 15, has inertia. 

These electrons are invisible of themselves and pass with 
extreme velocity, naturally in straight Imes and where unre- 
strained tend to spread apart and fill the whole vapor path. 

In a mercury vapor apparatus the voltage loss in the vapor 
itself is supposed to be due largely to the presence of molecules 
or atoms of gas in the path of the electrons which impede their 
free motion. Since the greater the number of gas molecules in 
a given space the greater the pressure, it is natural to suppose 
that increase of pressure would mean increase of resistance to 
the electrons. Furthermore these gas atoms or molecules are 
agitated and set in vibration in being struck by electrons and 
are caused to give off both light and heat. The light naturally 
will be the spectrum light of these particular atoms; that 1s, the 
particular color or colors corresponding to the natural period 
of vibration of this particular kind of atom. 

When the pressure 1s sufficiently high, the electrons, instead 
of spreading through the whole space are forced into a narrow 
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stream in the center, and the obstructing molecules are at least 
partly forced to the outside, to be spectators as it were. 
This effect can be very easily seen by heating the condensing 
chamber of a mercury vapor lamp with a flame until the vapor 
reaches a comparatively high pressure, the current will then 
“string”; that is, will be confined to a brilliant, thin, sinuous 
line near the center of the tube. 

The varying specific resistances of different gases is easily 
explained by the differences in the character of the molecules. 

The negative electrode is assumed to be the source of the 
electrons which enter the vapor, and the phenomenon of the 
negative electrode starting resistance is easily explained; that 
- is, if we imagine the small electrons to be material particles, 
a considerable force would be required to cause them to break 
out from inside the liquid mercury surface on account of its 
surface tension, while when once the flow is established on a 
large current, it is easy to imagine that either on account of 
the extreme local heating at the surface of the negative elec- 
trode, or the rapid evaporation of mercury into vapor at the 
negative spot, there should be no opportunity for the formation 
of a new surface on the mercury which could re-establish the 
electrode resistance. On the other hand, with small currents 
it is found that the surface tension is able to reestablish itself 
in spite of the current, so that with currents of intermediate 
values it would be expected that at intervals the mercury would 
be able to reestablish the normal surface when accidentally 
the conditions should be favorable. Hence the advantage of 
emploving a sustaining coil in connection with apparatus using 
small currents. The lessening of the negative electrode start- 
ing resistance, and the lessening of the importance of the sus- 
taining coil with the heating of the electrode correspond properly 
with the corresponding reduction in surface tension. 

The normal operating voltage loss at the negative must be 
connected with the separation of the electron from the mer- 
cury atom and the evaporation of mercury. 

According to the assumption, it should be noticed that the 
source of electrons 15 not the ionization of the gas or vapor 
within the container as in many other experiments—such as 
the passing of current through air ionized by X-rays—but is 
the negative electrode itself; that 1s, within the vapor space 
during the flow of current we should find normally no positive 
ions (which are to be taken as atoms or groups of atoms which 
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have been deprived of one or more electrons), only the electrons 
drawn out of the negative electrode. Thus it would be possible to 
pass current through the apparatus, even were it to have a per- 
fect vacuum within. Although the resistance to starting in an ap- 
paratus in this condition 1s very high on account of the extreme 
surface tension, and on account of the absence of positive ions 
(as more fully explained in a later paragraph), yet once the 
apparatus is started, the passage of current 1s exceptionally easy 
and no light is obtained. It is actually found that with cold 
mercury electrodes no light appears with currents of over 100 
amperes. This is a very interesting point, as it has commonly 
been supposed that a perfect vacuum 15 a non-conductor; 
whereas the truth probably is merely that a perfect vacuum 
has an extremely high starting resistance, but is a most perfect 
conductor once current has been established. 

The question naturally arises: why the negative electrode re- 
sistance does not exist in connection with arcs between elec- 
trodes in air at atmospheric pressure? It is possible that the 
following is the proper explanation: the application of a suffi- 
ciently high potential previous to the breaking down of the 
gap upon a spark-gap in air causes an ionization of the air be- 
tween the electrodes, the negative electrons being attracted 
to the positive electrode, and the positive ions to the negative 
electrode. The negative electrons, of course, enter the positive 
electrode without difficulty, while the positive 10ns are stopped 
at the surface of the negative electrode on account of the nega- 
tive electrode resistance, and attract electrons from within 
the metal of this electrode up to the surface. We then have 
positive and negative charges attracting each other, and sep- 
arated merely by the surface of this electrode, which causes a 
tremendous strain and 1s sufficient to withdraw electrons from 
the negative electrode to neutralize the positive ions, thus 
breaking down the negative electrode resistance. According 
to this theory (there being no ionization of vapor), no positive 
ions will be formed in the mercury vapor apparatus and no 
such strain produced on the negative electrode; in other words, 
the vacuum cau$es the withdrawal of the positive charge (which 
tends to start the negative) from the surface of the negative 
as in the air to the positive electrode with a vacuum; thus 
very much reducing the strain produced on the negative. Hence 
the mercury vapor acts as though it could not be ionized in 
the same sense as oxygen or nitrogen, which is more or less 
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natural in view of the monatomic nature of mercury vapor, 
especially at vacuum pressures. This theory beautifully ex- 
plains the '' softening ” of X-ray tubes by the production within 
the vacuum space of a slight amount of gas, which becoming : 
ionized renders the cathode more easily broken down. 

X-ray tubes, Crooke's tubes, and similar vacuum apparatus 
cannot operate as the vapor electric apparatus of Mr. Hewitt, 
for two reasons: 

1. Because they are not operated with a supply capable of 
furnishing enough energy to break down completely the nega- 
tive electrode resistance and reduce it to a normal running 
value; and 2, because they are so physically constituted as to 
destroy themselves if operated with supply apparatus of ѕић- 
cient energy for operating Cooper Hewitt apparatus. 

It should be noted that within the vacuum space of a mercury 
vapor apparatus are two streams of material; electrons passing 
from the negative to the positive electrode, and the atoms of 
mercury vapor passing from the negative electrode spot and 
other hot mercury surfaces to the cooler parts of the container, 
where they condense. Both of these streams of particles, 
though so radically different in character, have the power of 
sweeping with them atoms and molecules of any gas which 
may be found within the vacuum space; t.e., any such residual 
gas tends to collect at the positive electrode, or at the con- 
densing surface of the retainer. In the latter location it is 
very readily absorbed by the condensing mercury, which ex- 
plains the fact that some apparatus, originally in slightly imper- 
fect condition, will 1mprove with actual operation. At the 
positive electrode, however, if sufficient in quantity, this accu- 
mulated gas will usually raise the voltage of the apparatus on 
account of its intrinsically high specific resistance, and may 
also cause an excessive heating of the electrode. _ 

On account of the general acceptance of the hypothesis that 
electricity is constituted of or connected with electrons which 
pass from the negative electrode to the positive electrode in 
the vapor path, it has been proposed to reverse the convention 
as to direction of the electric current adopted long ago, before 
any marked difference between positive and negative had been 
discovered; viz., the convention that current runs from the car- 
bon to the zine element of a battery in the external circuit. 

We then should say that a positive current is one which 
passes from the mercury electrode of a vapor lamp to the iron 
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electrode, and an electron would carry a positive charge or be 
a positive charge according to the particular assumption as to 
the nature of electricity which might be accepted. Such a 
change would certainly be highly desirable, except for the 
great probability of confusion for some time afterward. 


MERCURY VAPOR LAMP. 


As a lamp, the mercury vapor apparatus has a number of in- 
teresting characteristics. Its great efficiency, which in long 
tubes reaches 4 watt per c.p. (exclusive of resistance losses), 
is obtained only when run under the most favorable condi- 
tions; for example, only with the proper vapor pressure, 
current, and tube diameter. Mercury vapor is a much more 
efficient material for light production than most other gases 
and vapors whether used alone or mixed. The addition of 
atmospheric air, for example, to mercury vapor, even in very 
small quantities, increases the voltage on the tube very much, 
thus increasing the energy supplied. 

The spectrum of mercury vapor is, furthermore, one of the 
most complete and usable gas spectra; it contains a variety of 
colors in substantially equal proportions, chiefly an orange- 
yellow, a yellow, a blue and a violet, with a smaller amount 
of a green-blue. The only portion of the spectrum not pretty 
well represented is the red, which, generally speaking, is the 
least desirable color. The mercury spectrum has proved to be 
excellent physiologically, and extremely well adapted to most 
mechanical processes. It 1s possible of course by the addition 
of other gases to add red to the spectrum, which may then be 
quite prominent, especially if means are taken to condense a 
portion of the mercury vapor. In general, however, these 
combinations of gases are more or less likely to deterioration 
and alteration, and have a considerably lower efficiency than 
pure mercury vapor. For most purposes the color would not 
be more desirable with the addition of red. 

Light Efficiency: The efficiency of mercury vapor as a source 
of light follows a number of laws. 1, the watts per candle- 
power vary with the pressure of the vapor, having a minimum 
at a certain pressure, as shown in Fig. 3, which is from a test 
on a commercial type of lamp. 2, it 15 nearly independent of 
the current strength within certain limits, in this case it being 
assumed that the pressure, temperature, etc., are constant. 

3. Superheating the tube, and consequently that portion of 
the vapor emitting light, seems to have little effect. - 
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It will be seen by the curves in Fig. 3, on which 15 shown 
the normal lamp voltage characteristic, that is, the relation 


between current and voltage of the operating lamp, that the 


most efficient light giving point is at, or nearly at, the point 
of lowest voltage on this characteristic. This is fortunate, 
since for purposes of regulation this is a most desirable point 
to operate the lamp. Above this most efficient point the 
pressure of the mercury vapor increases rapidly, and while also 
increasing the candle-power it increases the voltage in the tube 
in still higher proportion. Below this point the voltage on 
the lamp rises, probably partly on account of traces of residual 
gas not exhausted in the pumping, which causes a great dropping 
off of the quantity of light and the efficiency. These residual 
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gases are here more prominent on account of the lower mer- 
cury temperature and vapor pressure. 

It is evident that the temperature of the mercury electrode 
and the pressure of the mercury vapor resulting from a given 
current will depend directly upon the air temperature sur- 
rounding the lamp. In the commercial types of lamp, however, 
the actual change in efficiency from change in atmospheric 
temperature is very shght throughout the practical working 
range. This results from the flat form of the lamp character- 
istic near the point of 3.5 amperes, as seen in Fig. 1. 

Lamps mav be made for various uses with different diam- 
eters of light-giving tubes. The diameter most commonly 
used and suited to 3.5 amperes is 1 in., or a trifle less, in inside 
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diameter. To give the same intrinsic intensity with other 
diameters the current should be varied in proportion to the 
cross section of the tube; that is, for a 2-in. tube we should re- 
quire about 14 amperes. Since the voltage decreases as the 
diameter of the tube, and since at the same intrinsic brilliancy 
the quantity of light increases as the diameter on account of 
the larger surface, we should expect double the light and double 
the energy consumed with the larger tube. It is found by 
measurement, however, that the larger tubes are somewhat 
more efficient, so that there is a saving of 20 to 25% on the 
efficiency for 2-in. over that of l-in. tubes—inversely with smaller 
. tubes and the appropriate currents. With smaller tubes, however: 
the difficulty of maintaining the negative alive becomes very 
much greater on account of the small current which, as already 
explained, is subject to momentary impulses tending to stop 
the flow of current. 

There can be no one proper method of measuring the candle 
power of a Cooper Hewitt lamp; first, on account of the fact that 
the color of the lamp is different from the color of any accepted 
standard, and because it is a spectral against a continuous 
spectrum; and secondly, because the light-giving tube 15 not a 
point, and the law of inverse squares does not hold except at 
very great distances. For commercial tests the candle power 
of the lamp should not be measured at a great distance, since 
the lamp has a practical advantage over most other lights 
from its tubular form, which comparative advantage it would 
lose were the candle-power measured at a considerable distance. 
Where it is important actually to define the candle power of 
these lamps, the particular method of measurement to be used 
must be specified. 

Alternating-Current Lamp: The principle of the alternating- 
current lamp is generally well understood by this time, the 
circuits being shown in Fig. 4. Referring to this figure it 1s 
evident that during one alternation, current is supplied from 
one half of the transformer secondary through the lamp tube 
back to the neutral point, and during the other alternation 
by the other half of the transformer secondarv through the 
tube to the same point, and that the choke-coil in the negative 
lags the current over the zero points. 

The light from the alternating-current lamp is practically 
equivalent to that from the direct current, since in the light- 
giving portion of the tube the light is substantially direct 
current. 
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On 25 cycles, by providing a larger choke-coil in the nega- 
tive than is necessary in the 60-cycle lamp, the natural tendency 
to flicker with the period of the 25 cycles is eliminated. 

Starting: The method of starting in the type-C alternating- 
current lamp is an extension of that of the direct-current lamp 
and is of some interest. A small electrode or pin is placed in 
the head of the lamp as shown in Fig. 4, and connected to one 
of the positives through a rather high ohmic resistance. In 
starting, the lamp is tilted so that the mercury forms a con- 
tinuous stream from the negative to the positive end and is 
carried by its momentum up around the inside end of the 


Fic. 4.—Starting and operating circuits for type-C, alternating- 
| current lamp. 
A is an autotransformer. R’ is a starting resistance. R is lamp 
resistance. J is inductance. 


tube until it touches the pin which is placed on the top side of 
the tube. On account of the irregularity of the flow of the mer- 
cury it here makes and breaks contact with the pin a number 
of times, each time causing a breakdown of the negative elec- 
trode resistance, either on the column of mercury or the pin. 
In the latter case the lamp will go out at the end of the alter- 
nation. If, however, the mechanical break at the pin occurs 
during such an alternation that the mercury column is the 
negative the lamp will start to operate upon the pin, and that 
main positive electrode to which the pin is not connected as 
positive electrodes and the mercury stream as the negative. 
Then, on account of the starting resistance connected with the 
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pin, the current will be immediately transferred from it to the 
corresponding positive, and the lamp is started. The lamp is 
then returned to its normal position and all the mercury flows 
back to the negative. If, now, there were no resistance between 
the pin and its positive electrode, and assuming the lamp to 
have been started during tilting by one of the breaks between 
the mercury and the pin, it is evident that if the mercury 
touches the pin again, that the lamp will go out, since for 
this instant the flow of current does not enter the vapor 
at all (on account of the metallic connection between negative 
and one positive). That is to say, if it were not for this re- 
sistance which prevents current when once transferred to both 
main positives from being withdrawn by a subsequent con- 
nection between the mercury and the pin, the lamp would be 
started and put out and started again repeatedly. Only the 
last break between the mercury and the pin would count in 
starting, and we should fail to light the lamp more often than 
we succeed. As an actual matter of fact, lamps have been built 
which started practically every tilt, though the average com- 
mercial lamp is not expected always to light at the first trial. 


MERCURY VAPOR CONVERTER. 


The Cooper Hewitt apparatus may, as is well known, be uti- 
lized to supply direct current from an alternating current 
supply by virtue of the negative electrode resistance. No further 
description of the general method of accomplishing this result 
is necessary at this time. The converter may be run single 
phase, in which case a connection similar to that already de- 
scribed in Fig. 4, except for starting circuits, is generally used, 
though it may be three-phase, four phase, etc., in which case 
no choke-coil in the direct-current circuit is usually required. 

Starting: In a converter a very short vapor path 1s purposely 
provided, and the starting 1s easily accomplished by breaking 
a metal circuit in the vacuum as already described, for the cur- 
rent is here easily transferred from the starting to the main 
positive electrode. The method can be easily seen from Fig. 5, 
which shows a form of commercial bulb used for a single- 
phase converter together with starting circuits. There are two 
electrodes of mercury, one being the main negative and the 
other a starting electrode. By shaking these two together, 
passing current through and separating them, the negative 
electrode resistance is broken down and the voltage upon the 
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main positive electrodes forces current to flow to the main 
negative." The supplementary positive should then be cut 
out of the circuit. Converters, however, can be started 
by starting-band and high-tension impulse, or by the direct 
application of sufficiently high potential. 

In cases where the converter is to feed a storage-battery, it 
will be noted that the electrical connection shown in Fig. 4 
for the alternating-current lamp is not perfectly satisfactory, 
on account of the comparativelv large direct current sent bv 
the battery through the transformer winding when the negative 
and starting electrodes are connected, which is in the wrong 
direction to start the negative electrode as a negative. The 
high impedance of the sustaining coil prevents any considerable 
alternating current from flowing, but does not seriously limit 
the flow of direct current from the battery, which thus tends to 
make the starting positive a negative. The difficulty may be 
avoided by the method shown in Fig. 5. By this method the 
battery is made to start the supplementary electrode as a 
negative, whereupon the main positives start operation with 
the supplementary as a negative, passing current through both 
the resistance R and the battery, through the coil T. If then 
a second connection 1s made between the starting and the main 
negative electrode, the current is shunted from the coil T 
through the main negative, and on the second separation the 
main negative starts 1n the proper direction, as current is now 
passing against the battery instead of from it. On account 
of the liquid character of the mercurv, it 1s found by experience 
that with one tilting operation two ‘‘ makes " and “ breaks ” 
are ordinarily produced between the main and starting elec- 
trode, so that the initial starting on the supplementary electrode 
and the transfer to the main negative occur almost together 
so as not to be distinguishable bv the eve. The starting circuit 
should usuallv be cut out during regular operation. By making 
the coil T, a magnet for tilting the bulb, the starting 1s auto- 
matic. This method has an advantage over other apparatus 
for automatic starting in that it is not necessary to operate any 
switches in the main circuit carrving the heavy current; the 
only cut-out that is necessary 15 the disconnection of the start- 
ing circuit which carries at most one or two amperes. 

Converter Bulbs: There are very few new fundamental fea- 
tures or conditions introduced into the mercury vapor ap- 
paratus in its use as a converter. Опе characteristic, however, 
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deserves mention; there is a tendency, under certain conditions, 
for the negative electrode resistance of a positive electrode to 
fail, which causes current to flow from some other positive 
directly to the positive in question, causing practically a direct 


Fic. 5.—Battery starting circuit for converter. 


short-circuit on the system. By proper design this tendency 
can be controlled very effectively. 

The chief feature of interest of the converter is in the new 
electrical relation introduced into the receiving and supply 
circuits by the introduction of the converter. Before discussing 
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this relation, however, it will be well to say a few words on the 
bulb itself. The heat represented by the 14 volts lost in the 
vacuum, times the current actually flowing, must be dissipated 
by the bulb. Artificial cooling means may be used such as 
fans, immersion in oil, water, etc. Furthermore, a certain 
portion of this heat is dissipated as radiant energy from the 
positive electrodes, when these are made of solid material. 

Although it is possible to operate converter bulbs, utilizing 
as seals for introducing current one or more platinum wires of 
the general character of those used for seals in commercial 
types of lamps, still it 1s highlv desirable on currents over 20 to 
25 amperes to have seals for entering the current to the bulb 
which shall be able to carry momentarily a great deal more 
current without cracking the glass. Such a seal has been de- 
vised by forming platinum into a cup-shaped piece, having a 
threaded boss on both the inside and the outside of the bottom 
of the cup. The glass is sealed to the outer edge of the cup, 
and the electrode stem and external lead respectively are con- 
nected to the two threaded bosses. In this form of seal the 
current does not pass through the metal which is directly 
sealed to the glass, so that the glass-platinum Joint 1s heated only 
by heat conduction. 

Parallel Running: Vapor converters can be run in parallel 
under proper conditions without difficulty. Тһе general 
condition determining satisfactory paralleling is that the volt- 
age absorbed in each of the paralleled circuits shall increase 
at least slightly with increase in current, since this insures a 
division of current between the two circuits. If two devices 
be used in parallel of such a nature that with increase in current 
a less voltage 1s absorbed, such as most mercury vapor lamps, it 
is evident that the more current one of these devices takes, the 
more current it tends to take іп proportion to the other device 
on account of its lowered voltage. The bulb of a vapor con- 
verter also is usually a device of this character; that is, an in- 
crease in current, the temperature remaining constant, causes a 
decrease in voltage throughout the operating range. In such 
cases they cannot be connected in parallel directly, since one 
bulb or the other would instantly take all the current. Ву 
the insertion somewhere in the paralleled circuits of a sufficient 
amount of ohmic or inductive resistance, so that the additional 
voltage absorbed in the resistance on any increase in current 
shall be greater than the decrease in voltage in the bulb, 
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satisfactory parallel operation is obtained. Since the voltage 
change on the bulb would not ordinarily be more than a volt 
or two, a very slight amount of resistance 1s sufficient to insure 
good operation. Obviously, inductance may be substituted 
for resistance in such parts of the paralleled circuits as carry 
alternating or intermittent currents. 

Since small currents usually require the stored energy of a 
sustaining coil to maintain them in operation in a converter 
as well as in a lamp, if a single sustaining coil be placed in the 
portion of the circuit common to two bulbs connected in par- 
allel, the impulse of the coil, which would otherwise maintain 
either negative electrode in, operation at the time of the mo- 
mentary tendency to drop out, will be discharged through the 
other bulb as the easier path, and the first converter will drop 
out. Consequently, for such types of apparatus it is desirable 
that each bulb have its own sustaining coil included in the 
part of the circuit belonging to this bulb alone. 

The sustaining coil has the function of supplying energy 
at low voltage during the zero points of the electromotive force. 
If one sustaining coil be utilized for two or more bulbs under 
conditions in which energy is not required for resisting the 
instantaneous impulses of the negative electrode, it must provide 
energy for both bulbs. Fortunately, if the coil is powerful 
enough the energy will be delivered to both bulbs, provided 
the two circuits are so arranged with resistances or otherwise 
as to operate in parallel on the generator. 

Since a somewhat increased voltage is required in the bulb 
in starting, to overcome the vapor starting voltage, it is ordi- 
narily more difficult to start one of a number of bulbs connected 
in parallel after another has been started. For the voltage 
which is normally lost during running in resistance in other 
parts of the circuits, 1s available in a bulb operating singly as 
an excess starting voltage, while with one of a number of par- 
alleled bulbs operating, since the voltage between the alter- 
nating-current and direct-current sides of the other bulbs has 
been brought to the operating value bv the first bulb started, 
this excess voltage is not available for starting the second bulb. 

A number of bulbs designed to operate in parallel can be 
arranged automatically to cut themselves in and out, either 
according to the load, or by the accidental dropping out of one 
of the several bulbs in operation. For this purpose the auto- 
matic tilting and starting arrangements used with single bulbs 
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can be controlled by series magnets in the load circuit or in 
the individual bulb circuits. 

Series Operation: A very interesting application of vapor 
converters is the operation of series direct-current arc lamps 
from a constant-current alternating supply. Where a mod- 
erate number of lamps is to be operated in series, a single bulb 
will furnish a sufficiently high direct-current voltage; where 
many arc lamps are to be operated, two or more converter bulbs 


Arc lames 


XXX 


Fic. 7.—Series connection for converter bulbs. 
A, B, and C are independent secondaries to the common primary D. 
D is fed by a constant alternating current. 


may be used as shown in Fig. 7, by which arrangement the 
direct-current voltage of the various bulbs is available in 
series in the arc circuit. By the use of sufficiently powerful 
sustaining coils it is possible to utilize current obtained from 
25 cycles without material flickering of the arcs. This is an 
extremely important gain for the users of 25-cvcle systems. 
Bulbs in series may be started as individuals and afterwards 
thrown in series either on short-circuit or lamp load; or they 
may be started on a common short circuit or even on the arc 


1906.) THOMAS: MERCURY VAPOR APPARATUS. 553 


circuit itself, the connections for accomplishing this purpose 
being comparatively easily devised. 

Ratio: The “ratio” of a vapor converter is a rather uncertain 
term, but may be determined in any given cases as follows: 

Any single-phase vapor converter operated from a three-wire 
source, or a transformer with a middle point, is practically 
equivalent, as far as the direct-current circuit is concerned, 
to the application of the original alternating-current to the 
direct-current circuit (including the sustaining coil) with the 
negative supply alternations reversed. This gives a pulsating 
voltage, the pulsations being of sine form and running to zero 
for one instant twice every cycle.. The choke-coil smooths 
out the current pulsations more or less according to its power 
and the character of the direct-current load. The smoothing 
action is much greater with a load of ohmic resistance than with 
a storage-battery or motor or other consumption device having 
a constant potential feature. The direct-current voltage is 
measured ordinarily by a direct-current voltmeter which gives 
the average reading, not the effective reading, of the pulsating 
voltage, while the alternating-current voltage 1s measured by 
an alternating current voltmeter which measures effective 
values; so that the direct-current instrument will show a read- 
ing on the same voltage of approximately үу that of the 
alternating-current instrument. This difference appears in the 
ratio of the vapor converter. Since only one-half of the 
voltage across the positives 15 operative at any one time, we 
have in addition the factor 4 between the voltage across the posi- 
tives and that in the direct current supply, so that the voltage 
on the direct-current side, measured by direct current volt- 
meter, will be 0.45 of the voltage across the positives in the 
condition assumed. In this case the voltage on the bulb and 
all auxiliary losses must be included in the direct-current load. 
If an alternating-current instrument be used for measuring the 
direct-current voltage a somewhat higher ratio (0.50 as a max- 
imum) may be obtained, according to the degree of smoothing 
accomplished in the choke-coil. The smoother the direct current 
the lower the ratio. Both alternating-current and direct- 
current instruments will, of course, read the same on a perfectly 
steady current, such as would result from an infinitely powerful 
sustaining coil. А wattmeter on a vapor converter, having 
a resistance load, will show a power-factor less than unity, 
under most conditions, and vet there 1s no lag between the zero 


554 THOMAS. MERCURY VAPOR APPARATUS. [May 31 


point of the current and the zero electromotive force of the sup- 
ply. This condition results from a distortion of the current 
wave resulting from the action of the sustaining coil in the 
direct-current circuit. The power-factor appears less than 
unity, since the distortion of the current 1s equivalent to the 
addition of higher harmonics which being of a different period- 
icity from the supply can deliver no real energy while still in- 
creasing the effective value of the current. These matters are 
of great interest and practical importance, but would require 
too much space for further discussion in this paper. | 

The ratio of the current in the direct-current load to that 
in the supply circuit is one-half, except for the variations of in- 
strument indications which result from wave-form distortion, 
and except for the fact that a certain amount of current is sup- 
plied to the load by the sustaining coil at periods of low supply 
electromotive force which current does not appear in the supply. 
It is here assumed that the supplv 1s connected directlv across 
the positives. 

Current Control: Where a direct current of constant poten- 
tial is desired through the use of a vapor converter, this can 
be properly accomplished by the direct connection of the work 
circuit through the converter and a sustaining coil, and the 
constancy of the direct current potential will be directly equal 
to that of the alternating-current supplv, since though 15 
volts are absorbed bv the bulb this value does not increase 
with increase of current. 

In cases where it is desired that the direct-current potential 
shall be continuous, even when no direct current is drawn, it 
is evident that with single-phase converters auxiliary means 
must be supplied to keep the bulb in operation. "This is accom- 
plished in a number of ways, for instance by a shunt which is 
kept always running, or by providing a separate circuit with a 
separate source of electromotive force passing current through 
the bulb from separate positive electrodes and utilizing the 
same negative as the main circuit. 

Where regulation of the current is desired, as in operating 
storage-batteries, it is not sufficient to provide a constant po- 
tential alternating-current supplv, but some means equivalent 
to the adjustable resistance ordinarily used in direct-current 
systems for this purpose is necessary. This can be easily ac- 
complished bv the introduction of inductance, preferably ad- 
justable in the main positives or in the supply. Since the 
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voltage taken up by the resistance or inductance is fixed as the 
difference between the supply voltage and the direct-current 
potential by changing the ohmic value of this '' resistance ” ог 
backing, we, of course, alter the current strength. 

Physical Explanations of Short Circuits in Converters: The 
general assumption or hypothesis upon which the reactions of 
the vapor apparatus are explained in the early part of this paper 
needs some amplification in connection with the converter. 
There is a tendency for the negative electrode resistance to fail 
in one of the positive electrodes in some types of bulbs during 
the time that it is impressed with a negative voltage thus 
causing a short-circuiting of the supply. Опе way to eliminate 
this difficulty is to interpose around the electrode a screen 
to obstruct a direct line from the non-operative positive elec- 
trode to the negative electrode or to the bath of the current 
between the negative and the other positive electrodes. Fur- 
thermore, this tendency 1s verv much reduced by the elimina- 
tion of the last traces of foreign gases or vapors originally in 
the bulb. This action can be easily explained if we assume, 
as already described in connection with the arc in air, that posi- 
tive ions accumulating on the surface of a positive electrode 
under electric strain will cause the negative electrode starting 
resistance to fail. 

Thus we may assume that a part or the whole of the residual 
gas (as distinguishable from mercury vapor) remaining within 
the bulb becomes ionized bv the operation of the converter. 
Then the electrons will be attracted to the operating positive 
electrode, while the positive ions will be attracted to the other 
positive electrode since that 1s at a lower potential than the 
negative, where they may be capable of initiating a short-circuit. 
The introduction of the screen above mentioned will evidently 
prevent the positive ions from reaching the negatively charged 
positive electrode since thev are attracted thereto in straight 
lines and will be held bv the force of attraction against the 
surface of the screen. If there be an excessive quantity of 
ions, however, some of them mav find their way around the 
shield, especially in view of repulsion by those initially accu- 
mulated on the screen, and finally cause a short-circuit. 


The writer wishes to make an apology for the very incomplete 
and rather heterogeneous nature of the information given in 
this paper, but the very great amount of space and effort that 
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would be required for giving a complete discussion of this ap- 
paratus is prohibitive, and it is hoped that such as is given 


will be of value. 


Much information which has been published elsewhere has been 


used here for the sake of having such data consistent 
and collected in one place. 


_ — 


LU)  à3É OO | || |. | A | ОСТИНИ 


A paper presented at the Bd Annual Conven- 
tion of the American Institute of Electrical 
Engineers, Milwaukee Wis.. May 28-31, 1906. 


Copyright 1906. By A. I. E. E. 


AUTOMATIC SAFETY DEVICES FOR STEAM-ENGINES, 
TURBINES, AND MOTORS. 


BY CHARLES M. HEMINWAY. 


The increasing use of automatic appliances is a noteworthy 
feature of the tendency in engineering development. In the 
electrical industries automatic appliances are largely used, and 
the results have been so good that we find the peculiar flexibility 
of electrical systems leading to their use for automatic appar- 
atus in other lines of work. 

There is probably not an electrical system to-day, either 
for transportation or power purposes, for lighting, telephone, 
or any of the other various applications of electricity, in which 
some automatic devices are not used. "These appliances may 
take the form of regulators or governors for controlling the per- 
formance of a machine. In railway work they are extensively 
used for signaling. Е 

Though the application of automatic appliances is varied 
and extensive, it is the purpose of this paper to touch upon one 
branch only; that is, to prevent damage that might be caused 
by unusual or unexpected conditions. In the equipment and 
operation of power plants the two factors that are first given 
consideration are efficiency and economy. The factor of safety 
also receives attention and is becoming more generally re- 
cognized as a necessity, for without it the two former are 
of little avail, yet in the particular branch to which I wish to 
direct your attention it has not been so generally introduced 
as in some others. 

Automatic stops bear the same relation to steam-engines and 
turbines that safety-valves do to boilers, or circuit-breakers to 
dynamos. It is probable that the universal adoption of circuit- 
breakers closely followed an unusually large number of acci- 

997 
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dents; similarly, the alarming increase in the number of run- 
away engines and resultant fly-wheel wrecks will doubtless 
hasten the general use of safety devices for engines and turbines. 
There is a general impression among engine owners that the 
governor on the engine is a safety device, and is capable of pro- 
viding for all emergencies; this is a fallacy, as statistics show 
that about 200 reciprocating engines and several turbines and 
synchronous converters have run away in the past 20 months— 
and all had governors. 

The governor is designed to keep the speed of an engine 


Fic. 1.—Monarch engine-stop; the device applicable to the throttle, and 
operated by gravity. 


constant under variations of load, but as most governors are 
arranged to operate by centrifugal force they cannot act in- 
stantly, as when the load goes off suddenly; it is for this reason 
that there is real need for a safety device entirely apart from 
the governor that will act quickly in case of emergency. 

Some of the causes of recent fly-wheel accidents are: breaking 
of main belt; loose governor pulley; reversal of dynamo; sticking 
governor; but chiefly the breaking or slipping of a governor 
belt and the sudden relief of the load. 

Some plants now carry flv-wheel insurance, which includes 
periodical inspections. This furnishes monetary protection, 
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but does not insure safety; for in spite of the inspections fly- 
wheel accidents continue to occur. It will be readily seen that 
while inspections may detect a weakness in some part of the 
engine equipment, or the inefficiency of an engineer, many 
things may happen between the inspections. While the insur- 
ance pays the property damages and personal injuries, it does not 
make good the losses from non-production pending repairs to 
the plant, nor the wage-loss of the employes. Obviously, then, 
the remedy lies in the providing of such means as will prevent 
accidents. 


Fic. 2.—Application of Monarch engine-stop to horizontal and vertical 
valve stems. 


There is still another use for the same device; namely, to shut 
down the engine from a distant part of the plant by pressing 
a switch. When an employe is caught in the machinery, when 
the belting breaks, when the shafting or the machinery is out 
of order, when a cylinder-head blows out—in all cases when it 
would be impossible to reach the throttle promptly, the auto- 
matic stop is invaluable. 

Engine-stops are of varied design and are applied їп many 
different ways. Most of them are designed merely to stop the 
engine mechanically in case of over-speed. There is a growing 
tendency toward the use of electric current to trip the enginc- 
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stops, thus allowing them to be operated from any number of 
points. 

One stop is designed to be attached to the governor column, 
and, upon being tripped electrically, opens a steam-valve, 
allowing steam to enter a small cylinder against a piston, which 
raises the governor balls to their maximum position, thereby 
cutting off the supply of steam to the cylinder. This is a re- 
liable stop and 1n connection with a speed-limit device is very 
effective. 

The speed limit consists of a centrifugal device connected to 
the engine-shaft by a chain-drive; it is in circuit with the engine- 
stop and can be set at any predetermined speed; when this 
speed is reached, electric contact is made tripping the engine- 
stop. 

Other forms are applied to special valves which must be 
placed in the steam line and operated as an auxiliary to the 
main throttle-valve. The valve in these forms is usually 
closed by steam pressure, the steam being admitted to some 
small cylinder and moving a piston in closing. These forms 
have many points in their favor but care must be taken to 
keep them in order, and the expense of inserting a special valve 
in a steam line already erected is rather great. 

Another type of engine-stop operates directly upon the 
throttle-valve, and can be easily applied to any engine without 
interfering with its regular work. This stop is bolted to the 
engine-frame at any convenient place, and is attached to the 
valve-stem by means of a sprocket-wheel and chain. As the 
valve is opened, a cable, to one end of which is attached a 
weight, is wound on a drum on the stop and is held by a pawl 
which engages in a ratchet-wheel. When the stop 15 tripped 
electrically the weight is released, revolving the sprocket wheel 
and thus closing the valve, a dash-pot in the stop forming a 
cushion to prevent jamming the valve. This, in connection 
with the speed limit, forms a very satisfactory device; and as 
gravity is depended upon for doing the work there is nothing 
that is likely to fail in operating. 

Another engine-stop also operating on the throttle and con- 
nected to it with a sprocket-wheel and chain, similar to the one 
just described, is operated by an electric motor, 1 h.p. or $ h.p. 
This is more expensive on account of the motor and the necessary 
generating apparatus. The current can be taken from bus- 
bars, but in order to insure reliability it is advisable to have 
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the engine furnish its own current. This kind of stop is par- 
ticularly desirable on units having 12-in. valves, or larger. 

In order to insure protection for all contingencies, an auto- 
matic vacuum-breaker is wired in the circuit with any of the 
engine-stops where condensing engines are equipped with this 
safety device, so that if the engine should be shut down auto- 
matically the automatic vacuum-breaker will operate simul- 
taneously with the engine-stop, opening the exhaust to the 
atmosphere. 


P 


Fic. 3.—Corliss engine-stop, applied to governor column of Corliss 
engine. This stop is operated by steam. - 


Another provision for safety has been provided in an auto- 
matic circuit-breaker trip which also is wired in the circuit 
with the engine-stop. In plants where engines operate gen- 
erators in multiple, the closing of the circuit, either automatically 
by the speed limit or from any of the push-switches in the svs- 
tem, operates not only the engine-stop, but also the circuit- 
breaker trip, cutting out the generator to prevent it from run- 
ning as a motor. 

Where electricity is used in tripping a stop 1t 1s desirable 
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to have some means of testing the circuits and strength of the 
batteries. А very satisfactory system is 1n use for this purpose; 
a small slate testboard having upon it a switch for tripping 
the stop, a buzzer or a lamp, and two small key-switches for test- 
ing the circuits. The buzzer is of high resistance, and if the 
batteries are getting weak an intermittent response of the buzzer 
will indicate this, and yet current for at least 24 hours 15 still 
available to use the stop, allowing sufficient time for recharging 
the batteries. 

A failure of the buzzer to respond to the pressure of the 
test-switch indicates a break in the wiring, but pending repairs 
to the wires it 1s possible to shut down the engine either auto- 
matically by the speed limit or from any of the push-switches. 
This is accomplished by throwing the wires from multiple into 
series for a test, so that though the indication of a break in the 
circuit is instantly detected, the engine-stop system 15 still in 
commission. This is one of the strongest points in favor of 
engine-stops, as it insures reliability; the safety device cannot 
be crippled by weak batteries or broken wires, but is always 
ready for emergencies. 

There is also another testboard in use, substantially the 
same as the one just described, but with the addition of a sole- 
noid switch. This is designed to use high-tension current to 
operate the engine-stop with battery in reserve. It can be 
used on any voltage from 110 to 550. The voltage is cut down 
by means of resistance coils on the testboard, and the current 
going through the solenoid holds the armature against the 
magnets operating on the generator. RE 

If the generator furnishing this source of current 15 shut 
down or a fuse blows, the armature falls by gravity to the 
battery terminal and the engine-stop system is then operated 
from the battery circuit until the direct circuit 1s again in 
service. This system adds an additional safeguard from the 
fact that there are two sources from which to operate the 
engine stop. It is particularly desirable in factories, where 
the generator current is not on during the day. It lengthens 
the life of the batteries, as they will be used only a portion of 
the time. 

While this paper is confined more particularly to the appli- 
cation of automatic safety devices to engines, the same appli- 
ance in modified forms 15 working successfully on steam tur- 
bines, synchronous converters, motors, gas- and oil-engines, and 
water-wheels. 
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It has frequently been said that autcmatic safety” stops are 
an expense that do not add to the ethciency or economy in the 
operation of the plant. А few facts bearing on this point will 
serve to prove the contrary. First, certain types of stops are 
recognized by the liability insurance companies, and а reduced 
rate on employers' liability insurance is allowed; secondly, 
where automatic safety stops are used, fly-wheel insurance can 
be dispensed with. Here are economies that begin to accrue 
the moment the stop is installed. 

Admitting that no plant is entirely safe from accident; when 
the emergency does occur the small amount invested in stops 
will save from ten to twenty times their cost in damages pre- 
vented. Records show that large propertv losses have been 
averted and many lives saved by their prompt and efficient 
Operation. 


Digitized by Google 


1906.) DISCUSSION AT NEW YORK. 565 


DISCUSSION ON ‘‘ STANDARDIZING RUBBER-COVERED WIRES AND 
CABLES," AND ‘‘ COMMENTS ON PRESENT UNDERGROUND 
PRACTICE,’ AT NEw YORK, APRIL 27, 1906. 


H. W. Fisher: These papers contain many items of vital 
interest both to manufacturers and users of high-tension cables. 
Mr. Langan gives a clear and comprehensive recital of the 
physical, chemical, and electrical properties of rubber as ap- 
plied to conductors, but several of his statements are, I think, 
open to criticism. He says: 

For if there is any one dogmatism to which electrical practice seems 
eee attached, it is that of a firm belief in the value of a vol- 
tage test in determining dielectric efficiency. Yet nothing could be more 
misleading. 

I can not agree with the last sentence, because there is a great 
difference in dielectric strength in cables that contain different 
amounts of Para. A compound containing 30 per cent. may 
have one and one-half to two times the dielectric strength of 
compounds containing a small amount of Para to which is 
added a large amount of reclaimed rubber. On account of this 
fact a voltage test which would not injure a cable insulated 
with 30 per cent. Para rubber might be sufficient to puncture a 
cable having a cheaper rubber compound, hence a voltage 
test can be made the means of determining to a certain extent 
the quality of the rubber compound. I agree with Mr. Langan 
that other tests are necessary to determine the true quality 
of the rubber compound under consideration. 

Farther on he says: 

The concensus of opinion, derived alike from theoretical and practical 
experience, is that rubber is the best of all insulating materials. But in 
conjunction with other ingredients, and when allied with sulphur, and 
properly vulcanized, it becomes not only absolutely waterproof, but in- 
deed under normal conditions, one might say, indestructible. 

It is a fact that under certain conditions rubber is not the 
best insulating material. Under voltage stress it will not with- 
stand the continued application of high temperatures so well 
as some other kinds of insulation in use at the present time. 
What does Mr. Langan mean by normal conditions, under 
which he says, “ rubber is indestructible "? Rubber certainly 
deteriorates rapidly under normal atmospheric conditions when 
placed out of doors. 

Regarding rubber-insulated wires for cables, Mr. Langan pro- 
poses a 48-hr. immersion in water-test before the tape or braid 
is applied. I think it would be much better to make the test 
after these are applied; for in the application of the tape or braid 
the threads of the cotton are apt to make indentations in the 
rubber, and consequentlv a test made afterward would not 
withstand so high a voltage. 

Referring now to the table giving the recommended voltage 
tests and insulation resistance. Is Mr. Langan prepared to 
put himself on record as saving that he 1s willing to manufacture 
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1 000 000 cir. mils cable with 0.375-in. insulation, and guarantee 
on every piece an insulation resistance of 3000 megohms per 
mile at 60 degrees fahr., the insulation resistance test being 
made after one minute's electrification and the cables tested 
within a week after vulcanization? I mention the last condition 
because it 1s a well-known fact that the insulation resistance of 
rubber-covered cables improves with time, at least up to a 
certain point. 

-~ The voltage tests recommended by Mr. Langan are entirely 
too low. He says: 

That it is the rise in temperature which accompanies arise in poten- 
tial, that is so destructive of rubber insulation. 

With the proper kind of insulation and the proper voltage test, 
this rise of temperature should be very small. I have made a 
calculation which will give an idea of the heat generated by 
the application of 20000 volts to a 1000000 cir. mil cable 
insulated with 0.375-in. rubber compound containing 30 per 
cent. Para and subjected to a test of 20000 volts. Supposing 
the electrostatic capacity .of such a cable to be about 0.53 
microfarads per mile, then the charging current corresponding 
to 20000 volts and 60 cycles, will be 3.8 amperes. The ap- 
parent energy would be 76000 watts, and, assuming a power- 
factor of 4 per cent. the watts per mile of cable would be 3 040 
or 0.56 watts per foot. The same heat would be delivered by 
230 amperes flowing through a 1 000 000-cir. mil cable. Such 
a current would have very little tendency to heat the cable— 
especially when it 1s placed in water—when subjected tu the 
20 000-volt test. I fully realize that cables insulated with rubber 
compound of poor quality are not suitable for very high volt- 
ages, because such compounds are not so strong electrically and 
are more liable to become warm under high-voltage tests. 

A comparison between the high-voltage tests recommended 
by Messrs. Langan and Clark shows that those of the latter are 
at least one and one-half times those of the former. It is mv 
opinion that the tests mentioned by Mr. Clark can be applied 
without in any way injuring the rubber of a properly designed 
cable. I do not wish it to be understood that I do not advise 
the use of rubber-covered cables, because I do for many pur- 
poses. The question of cost, however, often precludes the use 
of rubber. Moreover, there are some very prominent engineers 
in this country who, because of repeated burn-outs on rubber 
cables, are rather averse to using them for high voltages. 

Searcely anything has been said about saturated paper- 
insulated cables for high voltages. Such cables certainly pre- 
ponderate here, and are giving excellent satisfaction. 

In regard to the use of reclaimed rubber, Mr. Clark brings 
out in an admirable wav the fact that in some cases this 
rubber has to be used to reduce the cost of the cable. With 
cables for low voltages, 5000 or below, there is no objection 
at all to the use of reclaimed rubber, because such cables give 
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perfect satisfaction. Mr. Langan compares the test of a paper 
cable with that of a rubber cable, the paper cable, of course, 
being lead-covered and the rubber cable non-leaded and tested 
in water. He says: 

For this reason it is hardly an exaggeration to say that double the 
potential imposed on a paper cable is no more exacting than half the 
amount applied to a rubber cable. 

I differ with him in this respect, because when a rubber cable 
is tested for a high voltage, say 30 000 volts, there is little 
difference between a test in water and a test with a lead cover 
over the rubber. The reason for this may be explained as fol- 
lows: the spark-distance for 30 000 volts is over 1.5 in. in air, 
and as the specific inductive capacity of rubber is four or five 
times that of air, the voltage across any air-spaces on the out- 
side of the rubber, caused by defects in manufacture, is sufficient 
to jump across the air-spaces, heating the rubber there and 
subjecting the insulation at the weakest points to the total 
applied voltage, just as would be the case were the cable not 
leaded, placed in water, and subjected to a test between the 
conductor and water. The voltage heating effect caused by 
the discharge across air spaces may be the initial cause of sub- 
sequent burn-outs. With tests of from 500 to 2000 volts where 
the striking distance in air is small, there may be considerable 
difference between the test of a non-leaded cable in water and 
the same cable provided with a lead cover. The latter will with- 
stand the highest voltage. 

Mr. Clark mentions the use of a pressure-wire for determining 
the deterioration in the cable. This pressure-wire is imbedded 
in the strands. I am rather inclined to believe that there 
would be no indication; for this reason, any moisture that 
enters the cable would have to go all the way through the 
insulation and into the strand, and I think that before suthcient 
moisture gets into the pressure-wire to indicate a low-insulation 
resistance, the cable would burn out. 

Will Mr. Clark explain the apparent inconsistency in the 
breakdown voltages in the table on page 207? These are 
17 000, 19 000, and 18 000 volts respectively, and as the relative 
amounts of rubber are in the ratio of 1, 2, and 3, the break- 
down voltages should be least for the first and greatest for the 
last, by a considerably greater difference than is given. The 
relative deterioration is very interesting and significant. 

H. G. Stott: The condition of specifications for rubber- 
covered cables is an extremely chaotic one at the present time. 
Every engineer has his own specifications, and the result 1s we 
are almost entirely dependent upon the honesty of the manu- 
facturers in building these cables. In trying to determine 
some approximate method by which we could make specifica- 
tions for rubber-covered cables, I obtained from one of our 
manufacturers a number of samples of rubber-covered wire. 
These wires were No. 10, covered with 3/32 in. of rubber, having 
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various percentages of Para; and these tests were carried out 
for me by Mr. Chellis. I would like to show the results of these 
tests and give some illustrations. 

The results obtained in Figs. 1 to 7 are summarized in Fig. 8; 
they show conclusively how difficult a matter it is to draw up 
any specifications which will ensure any specified amount of 
Para in a rubber compound. 

It can be seen how readily a manufacturer who wishes to 
use reclaimed rubber can provide a cable which will show up 
better than a cable containing the specified amount of Para, 
by introducing a large amount of reclaimed rubber and thereby 
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getting a very cheap compound. From these tests, it would 
appear that the variation of insulation resistance, due to change 
of temperature, is the best measure we have at the present 
time of the amount of Para in the compound. The puncture 
test is also helpful, but not absolutely, because these two, 17.5 
and 25 change places; however, we have the 40, 35, and 30% 
in their proper places. The stretching test is absolutely unre- 
liable, but the variation of insulation with voltage test, which 
is in itself more or less a puncture test, is apparently an indica- 
tion of the amount of Para. 

Wallace D. Clark: In the 25, 30, and 35, the other matter 
was all dry mineral matter, and the same compound in each case? 
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H. G. Stott: All exactly the same compound in each case. 

John Langan: Were those cables chemically analyzed, even 
the 17.5, for the acetone test? 

H. G. Stott: They were all chemically analvzed, but not with 
the acetone test. 

Mr. Langan: That is the important one. I should like to 
see the chemical analysis of the 17.5. The chemical analvsis 
is the trving one, the acetone test particularlv. I think vou 
will find a verv large variation on a proper chemical analvsis, 
in the case of the 17.5 per cent. of rubber and 40 per cent. ot 
shoddy. 

Mr. Stott: My experience is that the chemical test is value- 
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Philip Тогсһіо: The problem of standardizing rubber-covered 
cables and wires is a dithcult one, and I hesitate to make any 
criticism that might be construed to be antagonistic to a move- 
ment of this kind, because, as a matter of fact, the whole elec- 
trical industry is vitally interested in this subject. Itis still a 
desideratum in the electric lighting and power companies to 
see developed and put on the market a cheap and reliable 
svstem of house wiring which. would reduce the first cost of 
installation, thereby leading to an increased demand in a field 
where first cost is now an almost insurmountable difhculty in 
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‘obtaining business. Practically the same conditions exist in 
other electrical applications, creating a large class of consumers 
all clamoring for cables and wires as cheap as can be secured, 
consistent with reliability and safety. Оп a very much smaller 
scale, however, there 1s a demand for a different class of cables 
used in connection with extra high voltage installations, for 
which condition the question of cost is rather secondary to the 
foremo.t and important requirements of high dielectric strength 
of the insulating material and durability and life under varving 
conditions of temperature. 

These requirements apply mainly to wiring inside of buildings. 
Outside of these requirements there is a very large field for use 
of cables for underground transmission and distribution of high- 
and low-tension current. For this purpose, paper-insulated 
cables have been used in the majority of cases in preference to 
rubber-insulated cables, mainly on account of the first cost, 
especially in the case of high-tension systems where the insula- 
tion cuts a big figure in the total cost of the cable. 

Discussing the proposed specifications for rubber-insulated 
wires and cables for the two classes of requirements mentioned 
above; namely, 

1. Low-tension wires and cables for inside of buildings and 
stations. 

2. High-tension rubber-insulated wires and cables. 

For the first class of cables the dielectric strength and insula- 
tion requirements are of secondary importance to durability. 
The high-tension cable, on the contrary, requires high dielectric 
strength and moderately high insulation resistance, and also 
durability, under conditions of temperature sometimes very 
severe. Wanat is desirable to obtain in a wire or cab!e is mainly 
durability and life in common for all classes of wires and cabies, 
and a moderate!v high insulation resistance and high dielectric 
strength for hig 1-tension cables. 

The proposed specifications presented to-night take it for 
granted that a wire or cable insulated with 30 per cent. of pure 
Para is the best insulation that can be used for all rubber- 
insulated wires and cables. I am not inclined to doubt the 
effectiveness of cables made under these specifications, but I 
know from personal experience that for a certain class of re- 
quirements cables built with less than 30 per cent. of pure 
rubber, mixed with other ingredients, will give a product of the 
same durability and same general satisfaction as a ЗО per cent. 
rubber cable, and save the purchaser a considerable percentage 
in first cost. 

I will not say that all manufacturers use less than 30 
per cent. Para in their cables and wires, but I am certain that 
some of them do; and as long as they supply these wires and 
cables for the legitimate demand of purposes warranting 
engineers and contractors to make use of them, I do not see 
why the INsTriTUTE should try to stop it. I think that the 
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INSTITUTE cannot possibly compel a change of this kind, because 
the existing conditions are created by a cause beyond the InstI- 
TUTE’S control—competition. But granting that it would be 
desirable to standardize the rubber-insulated cables by specify- 
ing 30 per cent. pure Para, how could it be accomplished? 

In a nutshell, the papers recommend two tests;; one, the ace- 
tone test, to determine the percentage of extractive matter 
in the compound; the other a mechanical test of elongation and 
tensile strength. One of the papers recommends a limit of 5 
per cent. of extractive matter of the total compound, the other 6 
per cent. With these percentages it is proposed absolutely to 
prohibit the use of less than 30 per cent. fine Para in the com- 
pound. I regret that Mr. Langan has not more clearly stated 
the fact that it 1s impossible at the present time for any chemist 
to determine directly the amount of pure Para in a compound. 
He must arrive at this amount by inferences and assumptions, 
by means of which he tries to assume how much of the rubber 
found in the compound is pure Para and how much is inferior 
rubber. With the 5 or 6 per cent. extractive matter limitation 
of the specifications, any manufacturer can use almost anything 
between 30 per cent. and nothing of pure Para and still meet 
the sepcifications as to the 5 per cent. limitation. Five per 
cent. of the total compound is what is called for in the specifica- 
tions. In a pure Para that is 1 per cent. of extractive matter, 
and 1 per cent. of 30 per cent. would be only one-third of 1 per 
cent. I should represent the extractive matter in percentage 
of the total amount of compound. Of course in vulcanization 
it is true that about 3 per cent. of extractive matter is added 
by the process of vulcanizing, and that would add about 1 per 
cent., not 5 or 6 per cent. of the total per cent. of the com- 
. pound, for 30 per cent. pure Para. 

As to the mechanical tests, I have not had sufficient personal 
experience to enable me to say much as to their value. The 
United States navy has specified these tests for the last two 
years, and as their specifications call for 40 per cent. pure Para 
I think they are justified in so doing for obtaining the satisfactory 
results which thev must secure under peculiarly difficult condi- 
tions of transacting business. 

I have no doubt that elongation and tensile strength tests 
wil give valuable information. I should, however, hesitate to 
purchase cables on specifications based upon tests of this char- 
acter, as I do not believe there is sufficient information available 
to arrive at definite conclusions. 

I would say in connection with the figures given by Mr. Stott 
that the results of the elongation and stretch test might have 
been considerably affected by the process of vulcanization. In 
making a cable, it makes a great deal of difference how the 
compound is vulcanized: it may be under-vulcanized resulting 
in a mucillaginous product which has no strength; or it may 
be over-vulcanized and will break easily. 
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Н. С. Stott: How can yon tell that ? 

Philip Torchio: You can get the same results of the table for 
different samples with the same per cent. of Para in the com- 
pouud by varying the temperature of vulcanization. 

Н. G. Stott: How can you tell after it 1s mauufactured ? 

Philip Torchio: I mean to point out that the discrepancy you 
show might not be entirely due to the condition cf tke 17.5 per 
cent. of Para and the 42 per cent. of sioddy reclaimed rubber. 
It mav be due to over-vulcanizing in one case or another. 

Summing up the criticism of these proposed specifications, 
I should think that they could be properly made the foundation 
for the work of a special committee of the INsTITUTE, to whom 
should be given the power to investigate and collect data on 
the subject and make a report to the INsTITUTE at some future 
date. I suggest that this committee communicate with the 
English association of cable makers to secure their experience 
along the lines which led them to manufacture two types of 
rubber-insulated cables; one marked as Association Cables are 
standardized as to grade and other phvsical dimensions, and 
for these only the best rubber is used, the quantity to be varied 
according to the grade and the necessary ingredients added 
according to the experience of each manufacturer; the other 
marked Non-Association Cables, and are built with cheaper 
compound, for which cables there 1s a legitimate demand for 
certain purposes. The Association cables are marked with a 
yellow label and the Non-Association cables with a green label, 
attached to each coil by a tape secured by a lead seal. 

I would add in connection with the specifications in the pa- 
pers, that to guarantee the life of the compound a voltage test 
should be specified where it 1s possible for, say, double voltage, 
to be applied after three or four years’ service. This opens up 
the great objection that misuse of the cable may deteriorate 
the compound; but that is one of the many difficulties in the 
whole proposition. 

A. E. Kennelly: The papers before us do not seem to attri- 
bute sufficient importance to breakdown or dielectric strength 
tests. It appears to me that the construction and operation 
of a high-tension cable resemble the construction and operation 
of a bridge. There are electric forces to be withstood in the 
cable, depending upon the gradient of volts per radial centi- 
meter, just as there are mechanical forces to be withstood in the 
bridge structure. We have to employ dielectrics whose minimum 
strength by breakdown test is so many kilovolts per centimeter, 
and we should seek to employ a factor of safety of at least three. 
The greatest dielectric stress accompanies the greatest curvature; 
that is, at the inmost layer, in contact with the conductor, 
and the stress rapidly diminishes towards the outside lavers, 
where it is least. The practical question before the purchaser 
of a cable is how to secure a total safe dielectric strength to 
withstand the working voltage plus that amount of elevation 
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due to incidental surges which cannot be entirely avoided. 
But the engineering questions behind this are the dielectric 
strength of the material, the maximum working stress, and the 
factor of safety, together with the durability of the insulating 
structure; just as in the case of a railroad bridge we have to 
rely upon the tensile strength of the steel used, the maximum 
working stress, the factor of safety, and the durability of the 
steel. 

Although 30 per cent. Para rubber cables have given good 
satisfaction, 1t seems illogical to assume that specifications 

must alwavs be drawn to secure this particular percentage of 
that geographical type of this substance. Surely the problem 
is much broader. What we need are plentiful observations of 
the dielectric strength of definite insulators of all kinds, at 
different ages of service, and under different kinds of treatment 
during service. It is of course out of the question to stress 
cables in satisfactory service to the breaking-point in order 
to satisfy curiosity as to their breaking strength; but let pieces 
be ruptured, from time to time, to give indication as to 
the diclectric strength that a cable may be expected to possess. 

The very high tension cable of the future seems likely to be 
a composite cable of successive lavers of different insulating 
materials, commencing with the dielectrically strongest, and 
terminating externally with the cheapest and dielectrically 
weakest. But surely the key to the problem hes in dielectric 
strength as measured by the breakdown test. In comparison 
with dielectric strength tests, mechanical tests and insulation 
resistance tests are merely subsidiary. 

E. W. Stevenson: On the second page of Mr. Langan's paper 
he makes a strong objection to the rule laid down by the N.E.C., 
relative to the dielectric strength of the 3000 volts per 1/64 in. 
thickness of insulation. This point has been brought up so 
frequently that it has been supposed to be generally under- 
stood. I made the same mistake when the rule was first issued, 
and while I still have some objections to it, I don't think the 
rule is so far fetched as Mr. Langan seems to think. For in- 
stance, the pressure is only supposed to be applied to one 
foot of submerged wire, and I think it would be a very poor 
wire that wouldn't be able to stand it. I have found in many 
instances that lengths of 500 ft. of No. 14 B. & S. copper, cov- 
ered with 3 64 in. wall of the most ordinary cheap compound, 
able to stand 9 000 volts and even more. This statement is 
not made in favor of the rule, because I think that a better 
rule than this one could be made to cover this point. 

The statement that the pressure test is no criterion as to 
what a good insulator 1s, is rather startling. But I really can 
not see why if a cable is *“ doped ” and afterwards taped and 
braided or lead-encased, this dope should not last indefinitely 
anl be just as good as the insulation itself; but I do agree with 
him that the pressure tests should be combined with at least 
one or two other tests to verify what the former shows. 
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I think all transmission engineers will agree with me when 
I say that in extreme high tension transmission and heavy power 
work, paper has almost entirely supplanted rubber. Both have 
their special advantages, but I think I am quite sure in saving 
that more than 7555 of high-tension power distribution 1s now 
and will in future be confined to paper insulation. 

Mr. Langan’s remarks about vulcanization will give engineers 
an idea of the care that has to be taken in this particular process 
to insure proper covering. In commenting on the different 
kinds of rubber, I think he places the fine Para in rather too 
exalted a position over some of the others. There are many 
good qualities of rubber that give excellent results, and these 
rubbers can not be ignored by manufacturers. 

To my mind,the mechanical tests are of the greatest im- 
portance, and if purchasers would be careful to specifv some 
such requirements they would be sure of getting a good article. 
I am rather inclined to think, however, that the acetone extract 
is excessive, as it 1s well known that 5% will allow a consider- 
able proportion of inferior rubber, and this extract should not 
be any more than 4, or 34 would be better. Considerable 
care must be taken in making such a test, as the Soxholet ex- 
tractor, the apparatus generally specified, in the hands of one 
not thoroughly familiar with its operation is likely to give 
inaccurate results. The temperature of operation, the time 
and quality of ingredients used must be so carefully watched 
that one must be thoroughly familiar with all these points in 
order to assure himself that results are correct. However, I 
quite concur with Mr. Langan that the chemical analysis is not 
alwavs practicable, and that fairly good results can be obtained 
from the mechanical tests. But I am rather inclined to doubt 
his somewhat close return. He speaks of a return of to within 
2566 after the sample has been stretched to three times its length; 
this I think can safely be modified to within 50%, as there are 
many instances in which perfectly genuine 30% Para will not 
do better. 

I do not quite see the logic of his statement that if a 30% 
compound of fine pure Para will be quite successful in meeting 
all the requirements he specifies, whv manufacturers should be 
tempted to put in 15% of pure Para and 30%% of a cheaper 
grade, as in the former instance with pure Para at $1.50 per 
pound and others at $1.00 per Ib. the compound will cost 53 cts. 
per lb., while in the latter he will get a compound at 58 cts. per 
lb., or in other words the fake compound will cost him 126; more 
per pound than the genuine and I don't think any manufacturer 
would be foolish enough to throw money away in this manner, 
except probablv that the latter compound would have a greater 
covering capacitv than the former, but even then I think he 
would lose at least 5%. There is also reason to question the 
statement about an analvsis showing the different percentages 
of Para and other rubber, as I don't think there is a chemist 
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who could do it. Extractive matter varies with the period of 
vulcanization and cannot show percentage. 

In the table are shown figures for specifications on high- 
grade wires. To me these seem very curious. For instance, 
in spite of the statements about some of these wires being 
able to stand fairly high pressure, no more than 1000 volts 
is allowed to be put upon any of the sizes on low tension. 
Compare these figures, taking for instance the relative wall on 
sizes 14 to 8 B. & S.; the wall is 3/64 in., or in other words 
46 mils. At present the National Code people call for 1 500 volts 
on this size on any compound that happens to be on it, whereas 
for high-grade work this table onlv calls for 1000. Now a 
telegraph specification, on their оћсе wire No. 16, with an 
outside diameter of 0.125, or in other words a wall of 37 mils., 
demands 2 000 volts, and while I do think that this latter is 
excessive, I must say I think that 1 000 volts is very low for 
such grade of compound, and there is no reason at all why the 
National Code figures cannot be used, at least on lower sizes. 
The incongruity of these figures can be further seen by re- 
ferring to the second table of medium tension. The wall of 
insulation on the same size of copper is 3/32 in., or in other 
words twice the low tension, and yet the pressure test is five 
times as much. | 

While admitting that a high quality pure Para has a high 
initial dielectric resistance test, I do not see апу reason for Mr. 
Langan’s statements that the high dielectric resistance in meg- 
ohms per mile is any positive proof that the compound 1s of a 
first-class quality. In the course of the last few years I have 
had occasion carefully to test many samples of wires, and I 
have found that samples of wire having a very high dielectric 
resistance have not alwavs been either the best pressure re- 
sisting or the best mechanically. 

On the other hand, I know of another wire which has a dielec- 
tric resistance test of only 400 megohms per mile, a sample of 
which, about 500 ft., was lving around for many months in the 
factory and probably tested to 11 000 and 12000 volts one 
hundred times during that period, and withstood it to the end. 
Mechanically this compound had a good stretch, but it had 
rather a slow return. However, it got there in time within 
50% of its original length. 

Му object 1s to show that there 1s no reason why compounds 
showing a lower dielectric resistance should not be just as good 
for life or pressure tests as are Mr. Langan's, and I would like 
to suggest that a committee, chosen from those who could com- 
petentlv investigate this, should be formed in order to settle 
this question. 

For some time I have been trving to eliminate the, to me, 
rather curious method of stating how many megohms per mile 
different sizes of wire should stand. In manv sheets showing 
such figures the calculations are at fault. For instance, take 
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the National Code wires as they stand to-day, and their require- 
ments. The No. 14, 5/32 in. calls for 200 megohms per mile, 
while 1 000 000 cir mils with an insulation of 7/64 in. calls for 
100 megohms, or half as much as the No. 14, whereas the sim- 
plest arithmetical calculation will show that it ought to be 
one-fifth. The rule for dielectric resistance 1s megohms per 
mile at 60° fahr.—coef. X Log. D/d, D standing for the outside 
diameter of the insulation, while d is the diameter of the copper. 
This formula has been used ever since the old Hooper days, 
way back in 1860, and a very carefully worked out table can be 
found in Monroe Jamison’s pocket book, also I think in Clarke 
& Sabine. | 

The use of the formula would simplify matters very much, 
and while the figures given show a coefficient of about 13 000, 
‚ I think the adoption of a figure somewhere in the neighbor- 
hood of 5000 to 6000 would be quite sufficient. I suggest 
the following formula: Megohms per mile after one minute 
electrification at 60? fahr.—Log. D/dx6000 or 6000 (log. 
D—log. d). 

D = diameter of insulation. d = diameter of copper. 

I quite concur with the statement that excessive pressure 
test 15 unnecessary and dangerous, but I think Mr. Wallace 
Clark’s rule, stated in his article before the National Electric 
Light Association, of 2.5 times the working pressure, is quite 
within safe limits, and this 15 generally understood all over the 
country. However, there is no objection to Mr. Langan’s rule 
of double the working pressure. 

Townsend Wolcott: There are different ways of determining 
the amount of rubber put in a compound. The Signal Corps 
has found that the best way is to have an inspector at the 
works and see the compound mixed. The determination of 
the amount of rubber by the acetone extract is a very uncertain 
matter, and the chemists seem to be divided into two classes; 
those that say that Para rubber never has more than 2 per cent. 
acetone extract, and those that find it 1s more in certain cases. 
I have an analysis here made by a chemist in whom I have a 
great deal of confidence, in which one sample gave acetone 
extract of 3.76; the lowest sample gave 2.03. The rubber, 
even of the purest varieties known to commerce, is not a definite 
chemical compound. The compound, Cy His, which is the 
valuable inzredient, тау not constitute the whole of what is 
left, even after the acetone extractis made. The relative val- 
ues of the four samples analyzed were given by this chemist, 
adopting one sample of rubber as an arbitrary standard, in the 
same way that Matheissen adopted the standard for copper: 
the values vary from 88.60 to 101.67 per cent. 

Durand Woodman: I have been interested in the subject 
of rubber insulation for five or six vears and have done con- 
siderable chemical work on it. І am much interested to 
hear the results of some of vour electrical and phvsical tests, 
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but am disappointed in the apparent unreliability of the '' stretch 
test. I have been told lately—and I think some one has said 
the same thing to-night—that chemical tests were absolutely 
worthless. I doubt very much whether any one who has had 
great experience with the chemical test would concur abso- 
lutely in that opinion. My own opinion is that when a set of 
specifications 1s finally adopted, it will include electrical tests, 
physical tests, and some chemical tests. The subject needs a 
good deal of discussion by those who hold opposite views. 

There 1s one point that has almost escaped attention, and 
that 1s the percentage of extract obtained bv treatment with 
acetone. The limits mentioned, 5 or 6 per cent. on the total 
compound, would mean when calculated on the rubber used, 
if vou use 30 per cent., from 16 to 20 per cent. from the rubber. 
It is therefore necessary to consider very carefully whether 
vou want to adopt such a figure as 5 or 6 per cent. of acctone 
extract, as that would certainlv allow the use of rubbers that 
are not Para. In regard to the time of the chemical analysis, 
that mav be considerable or it mav be little, depending on the 
extent to which it 15 carried. The acetone extract, if it 15 
desired, can be done in a very few hours; that is to sav, a sample 
submitted one dav can be reported on the next dav, or even in 
less time, but I do not believe in hurrving these matters too 
much. I should say 24 hours would give a reliable report as 
to the acetone extract. A few other points are obtainable by 
the acetone extract; for instance, the amount of free sulphur; 
and while manufacturers are no doubt more careful than they 
used to be in regard to that, 1t 1s undoubtedlv a thing which 
should be controlled bv the specifications, as free sulphur 1s 
something that is subject to constant change by oxidation and 
shortens the life of the rubber. 

Wm. McClellan: The two features of insulation in which we 
are alwavs interested, are; first, its ability to do the work for 
which it is designed, and, secondlv, its durability. It is in this 
latter quahtv that all the ditffticultv comes. 

Experience shows that while there may be other substances 
capable of providing an adequate and durable insulation, 
tubberis at present the only substance worthy of confidence. 
But as 1s well known, rubber alone will not provide a durable 
insulation. It must be mixed with other material. Now the 
proportion and qualitv of rubber and the nature of the other 
substances combined with it determine the character of the 
insulation. 

The point cannot be made too plain, that according to the 
use to which the insulation is to be put the percentage and 
quality of rubber тау varv to advantage over comparatively 
wide limits, and the nature of the other substances may varv to 
advantage also. For a large proportion of the work that 15 to 
be done, 30'; pure Para is wholly unnecessarv, and much too 
expensive; moreover, there is a large amount of very good 
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rubber produced, not so fine as Para, but of the greatest use 
in the art of insulation. Now, a specification to be standard 
should be put in such a form as to permit the use of any per- 
centage of any kind of rubber which the intelligent engineer 
may desire. Апу specification which calls for 3065; pure Para 
uniformly, without regard to the particular use for which the 
insulation is designed, is fundamentally bad from an economic 
standpoint. It would frequently compel us to use a much more 
expensive insulation than is necessary, and it would deprive 
us of using many other rubbers which possess great merit, 
though not so great as fine Para. 

Unfortunately, however, as has been shown very clearly to- 
night, there is no test which is absolutely reliable in showing 
the percentage and quality of rubber in a compound; all tests 
proposed are indicative only, and must be used with the greatest 
caution. | | 

As has been shown, the acetone test is positive in deter- 
mining the quality of crude rubber; this test, however, is not 
applicable to rubber compounds, because very frequently the 
insulation manufacturer desires to introduce other substances 
wit} th» rubber which contain in themselves extractive matter. 
Therefore the extractive matter in a compound is absolutely ' 
no guide in determining the amount of rubber in the com- 
pound, unless the specifications limit the substances which may 
be introduced into the compound; in other words, it is pro- 
posed to run the risk of requiring a more costly and less durable 
insulation in order that the acetone test may be applied to a 
rubber compound. It seems unnecessary to state that such a 
proposition approaches the whole matter of standard specifica- 
tions from the wrong direction. In the specifications proposed 
by Mr. Langan the implication 1s made that if the extractive 
matter becomes more than 5 or 6% the insulation will be bad; 
whereas, as a matter of fact, for many purposes the extractive 
matter could be considerably higher and a durable insulation 
obtained. | 

The object of a specification 15 to define just what is wanted 
in such a way that all persons using the specification can supply 
the article needed, and so that the purchaser can determine that 
he is getting just what he called for. We can have a standard 
specification, but we can not have standard rubber insulation 
for all purposes any more than we can have a standard steel 
for all purposes. The speaker does not propose to write a set 
of specifications, but he desires to suggest a certain norm as a 
basis for rubber insulation specifications, which seems to cover 
the above points. In brief these are: 

1. Clauses fixing copper conditions. 

2. Clause fixing quality of rubber to be used, by stating limits 
of extractive matter. 

3. Clause fixing percentage of above-mentioned rubber to be 
used, the mixing to be done in the presence of purchaser's 
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representative. Only general specifications as to other material. 

4. Clauses covering sheath, braid, etc. 

5. Clauses covering mechanical, electrical, and sulphur tests. 

6. General clauses in regard to tests, apparatus, etc. 

7. Clauses covering packing and shipping. 

A specification based on the above norm would seem to have 
merit because: 

(a) It makes it possible to make use of all qualities of rubber, 
in varying percentages, to suit the use to which the insulation 
is to be put. 

(b) It puts the extractive matter test where it belongs; that 
is, on the rubber itself. It puts no hardship on the manu- 
facturer, nor demand to know all his business; but on the other 
hand allows him all freedom in proper experimentation, and 
does not stifle progress. Moreover, it puts a premium on the 
good name of the manufacturer. The principal value of the 
mechanical and electrical tests under this system is to deter- 
mine that the application of the compound to the wire has been 
properly made. 

(c) It gives positive assurance that the purchaser is getting 
just what he called for. In a short time at the factory the 
purchaser's representative can see the rubber weighed out and 
the compound mixed. This is all he need wait for, because 
by taking with him a sample of the rubber and a sample of the 
mixed compound he has a positive check that there is later no 
substituting of a poorer compound bv the manufacturer. The 
acetone test is particularly valuable here, since there is no way 
for further extractive matter to get into the material, except 
the slight increase at vulcanization which can easily be allowed 
for. 

It is of course true that such a specification 1s more elaborate, 
and a little more expensive to carrv through than some of the 
others, but careful investigation will show that this is not so 
to a very great degree; moreover, as in anv specification, the 
purchaser is at any time justified in waiving his rights to certain 
tests if the amount or quality of what he is purchasing does not 
warrant him in going to the expense. 

J. B. Taylor: There is one point in connection with the in- 
stalling or testing of high-voltage cables that has not been 
referred to, and that 15 the ability of a cable, with insulation of 
rubber or other material, to stand a temporarv high potential. 
Cables have to stand for 24 hours a day a certain normal poten- 
tial strain and generally stand it well, except when trouble 
develops at joints or other places where it is improperly handled. 
Then comes a surge. I think the troubles and damages caused 
by surges are over-estimated; but there is no doubt that апу 
svstem will occasionally have abnormally high potential for a 
very short period of time. 

It has been brought out that the element of time 15 of im- 
portance in connection with high potential test of cables. In 
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some cases the time specified is 30 seconds, and In other cases 
half an hour, or even an hour. We should know if the cable 
that stands double potential for 30 minutes will stand 50 000 
or 100 000 volts for one-tenth of a second. 

C. F. Scott: It seems to me that the discussion this evening 
is distinctly from the standpoint of the manufacturer; it is a 
discussion of the methods and materials used in manufacturing 
cables. Now the cable is for use, and as some one has remarked, 
the real essence of a cable test should be to determine its re- 
liability. For other kinds of apparatus we do not necessarily 
specify the materials and how they shall be made and treated 
in the course of manufacture; we deal with the final results. 
There was a time when consulting engineer's specifications for 
dynamos went carefully into the amperes per square inch and 
tre induction, and things of that sort. Now specifications for 
machinery are based upon the final results, upon tests of those 
elements which go to make up and determine the performance 
of the machine in service. In high-tension tests for other 
kinds of apparatus, it is the custom in general practice as is 
laid down by the standardization rules of this INSTITUTE, to 
depend upon certain high-voltage tests which in general are 
twice the working voltage. Can the cable accept the same kind 
of a specification, the same limits, or must it have some other 
kind of a specification and some other kind of limits? Must | 
a man who wants a cable for a given service necessarily specify 
the ingredients of that cable and then go to the manufacturer 
and see that they are actually put in and stirred up and baked 
properly, or is there some way to determine whether the cable 
is going to do the required service? If the high-tension test 15 
to be applied, shall it be the same as for all other apparatus or 
shall it be something considerably less? That matter was up 
for discussion at a meeting of the Standardization Committee 
recently, and it was seriously proposed that the test on cables 
should be considerably less than the test on transformers. To 
the operating man that would mean that the transformers are 
more reliable than the cables, and that some point in the cable 
would likely be the point of breakdown. 

The time element of the test 1s very pertinent. One minute 
has been proposed. A cable is not likely to receive double 
voltage for a minute; it 1s much more likely to receive a very 
high voltage for only a fraction of a second. What is the rela- 
tion between the strength of the cable ‘and different voltages 
for different times? and would it not be fairer and better as 
determining the operating characteristics of the cable to make 
a higher voltage test for a shorter time? 

It is obviously desirable to have means of testing a cable 
at the time of its installation, and subsequently, which will 
indicate the suitabilitv of that cable for meeting the service 
conditions to which it will be subjected. It is desirable that 
the test should be independent of the materials and methods 
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emploved in manufacture. It seems to be well established 
that the same kind of high-pressure tests which are applied to 
other apparatus are not wholly satisfactory for cables. One 
who is not an expert on the subject of cables, but who takes a 
general view of the subject, must come to the conclusion, 
judging from the present papers and discussion, that the views 
with regard to the matter are quite divergent and unsettled. 

H. W. Fisher: With reference to Mr. Stott's diagrams, in 
one of them he shows that the insulation temperature coethcient 
varies in the order of the amount of Para rubber. I have made 
several tests in which this does not occur, and therefore I think 
that this rule should not be relied upon for determining the 
rubber compound. He also savs that the insulation resistance 
is affected by the voltage of the battery. I know positively 
that this is not alwavs the case. I have made tests where the 
voltage varied from 50 volts to 300 volts, in which the insulation 
resistance was practically the same, and I think that some of 
the peculiarities he noticed in these tests was due to the fact 
that the wire was small and had onlv a small amount of rubber. 
I think if vou will make tests on 000 or 0000 with 4/32 to 6/32 
rubber you will get quite different results. 

Philip Torchio: In regard to the effect of high-frequency 
voltage tests on cables. From tests made abroad it was found 
with a frequency of several thousand alternations that the 
cable broke down at about twice the voltage, than at 50 cvcles. 

President Wheeler: I am quite surprised to find that cable 
specification is in the unsettled, and rather dithcult-to-settle 
condition that it is. I think I see an opportunity for the Ix- 
STITUTE to do something, and I suggest to the Secretarv that 
at the meeting of the Standardization Committee to-morrow he 
call their attention to the discussion this evening. 

I think a committee had better get right to work and devise 
methods by which the matter shall be handled. If there is one 
thing important above all others in engineering, it 1s standard- 
ization, It 1s hard to do all the things we want to do, but let 
us agree beforehand what those things ought to be. I am glad 
to see the tremendous growth of the cable business and to see 
how the preparing and laying of cables has now become a matter 
of course. While I do not intend to speak about the cable 
subject, I am not altogether unfamiliar with it, because some 
time ago I was the equivalent of the electrician of this city. 
From 155$ to about 1895, I had the duty of getting the overhead 
wires in New York underground, as probably most of vou re- 
member, and all the wires got between the Commissioner of 
Public Works and mvself, and thev came down. The discussion 
this evening reminded me ot the fact that when the companies 
were asked to take the wires down they practically said they 
could not make cables that would carrv the electric current 
underground. Several cables were put underground and thev 
sat up nights watching them. Then more cables were laid, and 
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for two or three years a long and voluminous series of reports, 
with megohms and all sorts of things per mile in them, were sent 
to me and I was supposed to read them all and to see that all 
these cables that had been laid were kept up to the mark. It 
got to be a mere routine, because the companies which did the 
-work did it beautifully, and the company which dug the sub- 
ways and tested these cables saw that they did not burn up 
the subways, and these reports became unnecessary. 

John Langan: Many of the speakers to-night seem to have 
missed altogether the import of the paper under discussion. 
The paper relates specifically to the standardizing of rubber- 
covered wires and cables. As it is to-day, there is no standard. 
Ask any engineer of prominence, here in New York, to get up 
a set of specifications for rubber-covered wires and cables and 
he is at sea how to compel good results. 

If voltage is a certain criterion, as some of the gentlemen 
affect to believe, why are they at their wits’ ends trying to 
improve the character of rubber insulation? Why is the 
Standardization Committee trying to improve the rubber insu- 
lation if the voltage test is a criterion? Here is a curious illus- 
tration: Send out proposals for a thousand feet of No. 14 wire 
code, and send out afterwards proposals for a thousand feet 
of No. 14 wire 30 per cent. Para rubber, and the difference in 
price will amount to 50 per cent., notwithstanding the fact that 
the voltage tests in the first place are very exacting. Why is 
this? Because the amount of rubber, which the tests in the 
latter case compel, compels also an increase in price. This 
shows that the commercial price, where the tests are enforced, 
indicates the character of the compound. 

Mr. Stott has contributed a great deal of interest to the discus- 
sion to-night. The curves and tabulations which he exhibited are 
extremely interesting, and as much of a revelation to me as to 
any one else, that he could, in so short a time, disclose so much 
valuable information. These curves prove, on the whole, 
the statements I have made of the means bv which to standardize 
tests. The only drawback to them 15, that the 17.5 compound, 
with its ups and downs, is as fluctuating as the stock market, 
and is undoubtedly off in some particular. Before you can 
determine anything about a compound, you must submit it 
to a chemical analvsis, and know exactly what it contains. 

It should be borne in mind, however, that this compound 
has 60% of unidentified rubber in it, and it is perfectly con- 
ceivable that, initially at least, this might show a test as high, 
if not higher, than 25% of Para. And it was to meet and offset 
just such a contingency as this, that the rubber in the specifi- 
cations was limited to 32% of fine Para. 

To supplement Mr. Stott's curves—this 1s the laboratory 
from which I deducted the tests referred to in the paper (Mr. 
Langan exhibits a number of specimens of pieces of rulter- 
covered cables and wires). These samples represent all the 
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manufacturers on the American market; thev do not apply to 
anv particular one, but to all. Here is a piece of wire contain- 
ing 40 per cent. Para rubber. You can see it is almost 1m- 
possible to break it. Here is another containing 25€% of rubber, 
as distinguished from Para rubber. See the diner nee it has 
some tensile strength, but very little It is about a year old. 
Here is a piece of code wire, that a certain gentleman has eulo- 
gized to-night which is, as you can see, destitute of strength 
and tenacity. In making these tests, bear in mind that I was 
trving to get at some unity, something to start from, some com- 
mon ground or specification on which to standardize insulation. 
This, of course, does not interdict a lower standard; it simply 
presupposes that an engineer wishes the best, and these are the 
means to insure it. If he wants Code wire, that is another 
question. 

Mr. Fisher asks me about the 1 000 000 cir. mils cable, 12.32 
in. wall, in which he questions the possibility of 3 000 megohms 
per mile being lived up to. Now I would like to ask a question 
in return. Whv did he not question the other insulation re- 
sistances; that 1s, the smaller sizes of copper? The insulation 
resistance does, under favorable conditions, indicate indubitablv 
the character of the compound. It is impossible to go above 
500 or 600 megohms with Code wire, whereas if vou put 30 per 
cent. Para rubber in the compound, vou will get 4, 5, and even 6 
times what the Code wire will show. This proves two things; 
first of all, that chemical analvsis is valuable if carried out 
properlv, and secondlv, that the insulation does indicate the 
character of the compound. 

Wallace S. Clark: I dislike to go back on a fellow-laborer 
in the ficld, but there are one or two things in Mr. Langan's 
paper I do not agree with, and in fact do not think thev are 
so. In the first place in referring to Code wire and the cheap 
material on it, he savs, '' It possesses no vitalitv, no dielectric 
strength, no capacity for work." A great тапу buildings in 
New York are &rung with that wire and the wires are working 
satisfactorily. 

It 1s altogether wrong to assume that rubber is the onlv 
possible insulating material. It is about the only elastic in- 
sulating material, to be sure, but there are lots of insulating 
mixtures containing little rubber which are perfectly good for 
ordinary low-voltage service. 

He savs that rubber 1s unriv alled for all purposes. I agree 
with Mr. Fisher that the statement is entirely too broad. and 
I think experience will bear that out. He also savs that the 
percentage of resin and extractive matter in fine Para seldom 
exceeds 1 per cent. That was true 10 vears ago. but it is not 
true to-day The quahty of fine Para so far as the resinous 
matter is concerned, 1s deteriorating. It averages now 2 per 
cent. or more. His voltage tests are entirely wrong in this 
wav; he does not test tbe cable nearly high enough. On a 
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3 500 working pressure he proposes to test with only 5 000 
volts. A 250 000 cir. mils cable 3 500-volt class with 3/32 in. 
insulation isto be tested at 5 000 volts. His 250 000 cir. mils low- 
tension cable with 6/64 in. rubber, which seems to me the same as 
3/32 in., is only to be tested with 1000 volts. The voltage 
test should be a factor of the size of the cable and the thickness 
of the insulation. Then the engineer can determine the factor 
of safety. If he wants to use a cable tested with four times, 
or twice the working pressure, he can do it. Then Mr. Langan 
speaks of getting a piece of insulation $ in. wide and 1/16 in. thick. 
He might get that from some prettv good sized cables, but not 
from a No. 14 wire. 

Another thing is the statement: 

It frequentlv happens that a cable may pass an exacting puncture test 
and be to all appearances in first class condition, when in reality the 
insulation has been so strained that it collapses at the first physical or 
potential strain imposed upon it. 


The cables that were made for the Niagara Falls-Buffalo line, 
and whose record is in mv paper, were all tested for an hour 
with 25000 volts and thev had 9/32 in. of insulation. He 
recommends for such a cable 15 000 volts for one minute. He 
says that these cables were overstrained and that thev were 
likely to break down in service, and would break down, and 
yet they have made a very good record. There are 60 000 ft. 
of cable in operation which contradicts that assertion. It is 
wrong to test a cable to the breaking point. But if a cable 
is tested as low as Mr. Langan recommends, there might be an 
indentation in the cable that would reduce the insulation at 
one point to two-thirds or even one-half normal thickness, 
without the test he proposes without discovering that fault. 

Exception has been taken to the statement regarding the 
difference in breakdown test on leaded cables and cables in 
water. It does not make anv difference whether rubber cables 
are tested under water or leaded. I would rather test a cable 
under, water, without lead, because it would be cooler under 
high potential. 

Referring to Mr. Fisher's question, and also to the curves 
which Mr. Stott shows, I can endorse these curves as probably 
entirely right, because I have obtained similar results in тапу 
cases. I think that the compound in this case was made of a 
certain percentage of rubber and drv mineral matter, the com- 
position of the dry mineral matter being the same in all cases: 
in other words, thev did not make the verv best compound 
thev could with the 40, 30, or 25 per cent. of Para, but made them 
all on a common basis. That is the reason whv the 17.5 per 
cent., with a lot of reclaimed rubber, shows better than the 
30 per cent. 

Referring to the specifications of the Rubber-Covered Wire 
Engineers’ Association referred to in mv paper, thev are not 
intended to cover all the wire manufactured. I want to im- 
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press that idea as much as possible. They are simply intended 
to cover the point where an engineer wants an especially good 
class of rubber insulation for some special work, such as a 
central station job, or something of that kind, where the life 
of the cable is important and the conditions more or less severe. 
The reason that the 6 per cent. extractive matter is allowed 
is to allow the making of the best compound which the manu- 
facturer is able to make with the 30 per cent. of Para. He can 
put in some other matter beside minerals. His extractive 
matter from Para will not run to more than 36⁄7. The specifica- 
tions take care of the fact that if the individual manufacturer 
is not trusted by the individual purchaser, the individual pur- 
chaser can go to the factory and satisfy himself that the 30 
per cent. of Para goes in. The manufacturer can make the 70 
per cent., the balance, of whatever he chooses, to get the best 
results. 


[This discussion will be continued in a future number of the 
PROCEEDINGS. | 
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Discussion AT MINNESOTA BRaNcH, May 4, 1906. 


F. R. Cutcheon: Mr. Langan objects to the puncture test for 
insulation on the supposition that the insulation may stand up 
well under test and deteriorate very rapidly thereafter. In 
cable work it is common practice to specify that the puncture 
test shall be repeated at stated intervals, usually covering a 
period of five years; I believe that this overcomes the objection, 
and with this provision the puncture test is the most reliable. 
Insulation resistance, in my experience, has proved of no value 
as an indication of the condition of a cable; this 15 especially 
true of multiple-conductor cables for high voltage, since the 
contact with the lead is very slight if it exists at all. The 
jute filling will serve to give a high-insulation test, but will 
break down when subjected to a high voltage. 

In his specifications, Mr. Langan omits any reference to a 
standard of flexibility. Under this head would be specified 
the size and number of strands, the percentage of tin in the lead; 
and for paper or cambric cables the number and thickness of 
layers of insulating material. I have recently specified that a 
test piece of cable shall be capable of bending on a radius equal 
to five times the diameter of the cable, then bent in reverse 
direction, and after being straightened shall be capable of stand- 
ing a puncture test with double the working voltage. 

The degree to which a puncture test should exceed the working 
voltage depends upon the factor of safety allowed by the maker. 
There is a tendency to cut down the factor of safety in the higher 
potentials to avoid extreme bulkiness, hence it 15 inadvisable 
to use double the working voltage on such cables. 

I see no reason why, for purposes of comparison, rubber 
cables should not be tested with the lead on, since this is the 
condition in which they are installed, and with which all later 
tests. must be compared. When tested in this way, a rubber 
cable should stand the same puncture test as a paper cable. 

J. H. Schumacher: I have looked up a great many grounds 
in conduit work on low-pressure wiring, carrying less than 500 
volts, and have never found the ground to occur in the wire 
insulation. In most cases the trouble occurs in an imperfect 
joint. In my opinion the insulation furnished under present 
underwriters' specifications is ample for low voltages, even 
though it probably contains no rubber. 

H. J. Gille: No consideration is given to anything but 
rubber cables in the INsTiTUTE papers. The St. Paul Gas Light 
Co. has had one rubber and one paper cable, each about three 
miles long, operating in parallel under 25 000 volts' pressure. 
The cables have been in use for five years and little difference 
has been noted in their serviceability. 

John Pearson: When the rubber cable is in alone the power- 
factor at the power station, 25 miles distant, is about 1 per 
cent. higher than with the paper cable alone. 
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E. H. Scofield: The Twin City Rapid Transit Co. has a 
paper-insulated cable 10 miles long between Minneapolis and 
St. Paul which has operated for seven years at 12000 volts 
and is still in service. Paper cable is used exclusively. 
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DISCUSSION ON THE ' REPULSION INDUCTION MOTOR,” АТ 
MILWAUKEE, Wis., May 28, 1906. 


C. P. Steinmetz: I desire to draw vourattention to some 
features of this paper. It is a report of the work done by my 
assistant, Mr. Milch, 1n developing a tvpe of alternating-current 
motor intermediary between the polvphase induction motor 
and the single-phase series motor; that 1s, a motor having con- 
stant- and limited-speed characteristics combined with very 
high starting torque, and high torque efficiency and power- 
factor at starting and at low and intermediate speeds. The 
repulsion motor and the compensated series motor give a very 
high torque at starting and at low speeds, but an unlimited 
speed; that is, the speed increases indefinitely with decreasing 
load. 

Such a motor, while eminently suited fcr e'ectric rai'road and 
. simi'ar classes of work, is not satis‘actcry for e‘evatcr work, 
hoisting, driving factory tool machines, etc.; for if the lcad were 
suddenly thrown off or reduced, the motor would speed up and 
be liable to wreck itself or the driven machinery. Here the 
limited-speed motor is necessary. 

The induction motor is a limited-speed motor, but in starting 
is decidedly inferior. It may be made to give a good starting 
torque efficiency, by inserting a resistance in the rotor or sec- 
ondary circuit. That, however, handicaps its utility for heavily 
fluctuating loads, because at loads it must run without the 
armature rheostat, and then a very heavy fluctuation of load 
mav throw the motor out of step. For a very heavy sudden 
fluctuation of load, then, a motor is needed that increases in 
torque at good efficiency down to standstill, and not merely one 
that can be made to maintain its torque by operating the 
rheostat, but which bv a series characteristic automatically 
raises its torque with decreasing speed and so spontaneously 
recovers. | 

As I have said, this motor 1s a combination of a series and a 
shunt motor. By compensation it gives very good character- 
istics. I call your attention to the curves in Figs. 14 and 15, 
where it is seen that the torque increases steadily down to stand- 
stil, the torque per kilovolt-ampere input remains constant, 
and the power-factor for variations of load is between 95% 
and 100%. The slip is naturally higher than with the induction 
motor. This motor combines a very high power-factor with 
high torque efficiency, limited speed, and heavy starting torque; 
but owing to the use of a commutator it has not quite the sim- 
plicity of the induction motor. It 1s, therefore, useful, and as 
a standard article of manufacture is being introduced for that 
class of work where its particular features are desirable; that 
is, for steady speed and steady load, as in cotton mills. Where 
continuous attention is given to the control, as in railway work, 
the induction motor and repulsion or compensated series motor 
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respectively are the types of motor used. In other words, the 
repulsion induction motor forms an intermediate type between 
the induction and the series motor, a motor which 1s com- 
parable to the direct-current compound motor as developed in 
the early davs by Eickemever for electric elevators and used 
ever since by one of the electric elevator manufacturers. 

D. C. Jackson: А number of vears ago I was led to the con- 
clusion that general power distribution could be better effected 
in the end bv single-phase alternating currents than bv our 
usual processes. "That conviction led me to look into the ques- 
tion of a self-starting single-phase alternating-current motor 
which would have reasonably constant speed. I did at that 
time, and have since, given considerable attention to this ques- 
tion of a motor which includes, in one, some of the character- 
istics of a repulsion motor and some of the characteristics of an 
induction motor—a motor that starts like a repulsion motor 
and runs near synchronous speed more or less like an induction 
motor. 

I believe that tvpe of motor will, in the end, take the place 
of manv of our polvphase motors for general power distribution. 
Undoubtedly the polvphase current has an advantage for long- 
distance transmission of power, and in cases where large motors 
mav be used, on account of the wav in which it utilizes the 
copper. In connection with such plants the polvphase motor 
is perhaps without a superior; but for general power distribution, 
the polyphase circuit and the polyphase motor are not entirely 
satisfactory, at least that is our experience in small plants 
in the central West. Doubtless, our past-presidents who sit 
upon the platform may be inclined to dissent from this assertion, 
but their experience has been more distinctively with plants 
so much larger than those which I more particularly refer to 
that we тау perhaps be justified in having a difference їп our 
points of view. 

I think the development of the last few vears has rather 
strengthened the conviction which I had some vears ago, that 
single-phase circuits are the most desirable that have been de- 
veloped for house to house distribution of power in the smaller 
cities. Under these circumstances I am pleased to read the 
paper by Mr. Milch in which he describes an interesting motor, 
and I shall add that the paper impresses me as being a beau- 
tiful discussion of the particular problem which he has had 
before him. 

In mv experiments I have found that the question of power- 
factor will take care of itself. The results of Mr. Milch's ex- 
periments seem to indicate the same fact. I have also found 
that the slip at full load could be controlled bv fixing the dis- 
tance above svnchronism at which the machine runs at light 
load. Machines of this tvpe run at a speed slightly above 
synchronism when lightly loaded, and the designer can fix 
that point; at full load thev ordinarilv run at a speed below 
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synchronism. When I say synchronism, I mean a speed syn- 
chronous with the theoretical rotating field of a polyphase 
motor with the same number of poles working on a circuit at 
the same frequency. Consequently, since the point below 
synchronism at which the machine will take its full load, and 
the point above synchronism at which the machine will run at 
no load, can be practically fixed by design, the question of slip 
can be predetermined by the designer. 

The specific form of motor described by Mr. Milch may not 
be an ultimate form, but self-starting, single-phase motors will, 
in the end, I am quite sure, be designed and manufactured of 
the repulsion-induction type. These will give satisfactory com- 
mercial characteristics, with regulation of speed equal to that 
in ordinary direct current motors and ordinary polyphase in- 

duction motors. , 

|. G. Percy Cole: This motor seems to have very large slip at 
full load. For this reason I think it would be rather objection- 
able for use in cotton mills, where constant speed 1s quite neces- 
sary. In the case of the 5-h.p. motor there is a slip of prac- 
tically 15% between no load and full load; this would be rather 
objectionable in some classes of work. For elevators and ma- 
chine tools where the drive does not require such close speed, 
this motor might be suitable, but while the starting torque is 
very large, the starting current is also very large. The starting 
torque is about four times the full-load running torque. If no 
means were introduced to control this current, it would have 
an objectionable effect on the distributing system. In this 
respect this motor is not so good as a true repulsion motor, 
which when thrown on full line voltage, takes a starting current 
of about 2.5 times the full-load running current, and the start- 
ing torque 1s about 2.5 times the full-load running torque. 

It seems to me that this motor would not be so suitable as 
other forms of single-phase induction motors. Take for ex- 
ample the Arnold tvpe of single-phase induction motor, where 
every segment of the commutator is short-circuited when up 
to running speed, Such a good short circuit is obtained on the 
armature that there is better speed regulation than on the 
polyphase induction motor. On a 5-h.p. Arnold type of motor 
the slip at full load is between 2.5% and 3%. А polvphase 
induction motor of the same capacity would have about 5%, 
whereas this motor before us to-dav has practically 1565. The 
following statement is made in the paper: 

Objection may te made to the larze slip at full load, but considering 
t^e application of this motor it would appear that this question is of 
very little importance. 

But it does not mention what this motor 1$ supposed to be 
used for. I should judge it is for elevator work and work 
where heavy starting torque is required. For elevator work, 
however, there is another motor known as the Schuler tvpe 
of motor in which the short-circuiting 1s done through a con- 
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troller. The full-load slip of a motor of this kind is only about 
3.0 5 on a motor of from 5 to 10 h.p. The starting current 
can be controlled within 506% over full-load current and still at 
the same time give 506% over full-load torque. 

Another objection to the Milch type of motor, used for con- 
stant-speed work, 15 that the brushes remain оп the commutator 
all the time, and consequently have a wear and tear com- 
parable to that on the brushes of a direct-current motor. The 
Arnold tvpe of motor in use now does not have the brushes 
bear on the commutator at all during normal operating con- 
ditions, because as the armature is short-circuited the motor 
runs purelv as a single-phase induction motor. 

C. P. Steinmetz: Regarding the slip of the motor, high 
starting torque necessarily means greater slip at full-load 
running. But wherever very high torque is required at low 
and intermediate speeds, a greater slip 1s permissible. In a 
cotton mill, which requires very steady speed, you do not re- 
quire heavy starting torque and good power-factor at inter- 
mediate speeds, and do not require the ability to recover at 
excessive overloads because these never occur. And, first 
and last, a commutator is not wanted in a cotton mill; 
that is the reason why, in a cotton mill, the plain induction motor 
is preferred to any type of commutator motor, whether direct 
current or alternating. With a commutator, there is always the 
possibility of a slight arc, and with the space filled with floating 
lint, this arc is a dangerous thing. The heavy starting torque 
in this motor, three to four times the running torque, means three 
to four times the running current. The repulsion or series 
motor, to get the same starting torque, does not require so 
much current; that 1s, the repulsion or series motor 1s not only 
equal, but superior to this motor in starting. The constant- 
speed characteristics mean some sacrifice in starting current. 

The polyphase induction motor without secondary resistance 
is inferior in starting-torque efhciency, requiring several times 
more current for a certain starting torque than for the same 
torque when running. With armature resistance, the polyphase 
induction motor gives the same torque per ampere in starting 
as when running, but cannot well be built to give three to four 
times running torque in starting without badly spoiling the 
power-factor when running at partial load. Mechanical com- 
binations of induction and repulsion motor have the objection 
that if the centrifugal device which cuts out the commutator 
should fail at light load, the motor would race and wreck things. 

I do not consider the present, nor any other motor as a uni- 
versal motor. I do not share Professor Jackson’s idea that 
the universal motor will be a single-phase limited-speed. motor. 
I have been a strong advocate of the single-phase system, but 
I am not quite so strongly in favor of it now. Asa result of 
the change in industrial conditions during the last few years, 
I am leaning toward the polyphase system, for reasons which 
we have no time to discuss now. | 
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DISCUSSION ON ‘‘ COMPARISON OF Two- AND THREE-PHASE 
Motors,’ AT MILWAUKEE, Wis., May 28, 1906. 


A. S. McAllister: The author says that the magnetizing 
current in a three-phase motor is approximately 15 per cent. 
more than that in a two-phase motor, but that when expressed 
in per cent. of the full load current the magnetizing currents 
of the two motors are equal. These statements are based on a 
study of the distribution of the primary coils, of the change 
in the value of the magnetizing current, and of the fluctuation 
in magnetism produced thereby. 

I wish to call attention to the fact that these relations may be 
established much more simply without anv reference whatever 
to the numerous factors which the author has taken into con- 
sideration, other than his original implied assumptions that the 
frames of the two motors are equal and are subjected to the same 
iron losses. | 

Although it would be possible to determine the components 
of the primary current necessary to supplv the hvsteresis loss 
bv ascertaining the distribution of the coils, the path assumed 
bv the flux, and then making an elaborate study of the B-H 
curve of the iron employed, such a laborious method is con- 
sidered entirely unnecessary, and use is made of the familiar 
hvsteresis formula: 

Wn =hf Ba! V 


where h is a constant depending upon the quality of the iron. 
Similarly the eddy-current loss is found from the formula: 
We = ера В, V 

The sum of these two quantities gives the iron loss in watts, 
and the current to supply these losses is found by dividing 
this value of watts by the impressed electromotive force. 

It can easily be shown that with a closed magnetic circuit 
the quadrature exciting watts may be expressed by the formula: 


Wa = 9] Bw 
where и is the permeability ot the iron and 9 15 a constant, 
having a value of 
2.5 
q T 103 
When an air-gap is inserted in the magnetic path, the quad- 
rature watts may be expressed by x formula: 


Wa =qj Bw (+ Va) 


where V, is the volume of the air- m. The exciting current 
is found by dividing W by the impressed electromotive force. 

Where there are divided magnetic circuits and the magnetism 
is not uniform throughout the paths, it is desirable to consider 
each path separatelv, just as 1s true in treating the hvsteresis 
and the eddy losses. An inspection of the formula for ex- 
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pressing the quadrature watts will show that if the effective 
value of the maximum magnetic density throughout the sev- 
‘eral volumes be used, a correct result will be obtained from a 
single calculation. 

From the above discussed facts it will be evident that the 
quadrature exciting watts of an induction motor operated at a 
certain frequency and magnetic density, depends solely on the 
volume of the core and the air-gaps, and is not affected by the 
number coils or phases or the voltage of the machine. 

These remarks should not be considered as adverse criticism 
of the paper under discussion. On the contrary the speaker 
wishes to express his appreciation of the clear manner in which 
the matter has been presented, and of the value of the paper 
to a practising designer. He wishes merely to make a plea for 
simplicity in the treatment of electric phenomena in all cases 
where elaborations do not contribute to the accuracy of the re- 
sults obtained. | 

Bradley McCormick: Mr. McAllisters method strikes me 
as being very good. I have employed the same method in 
the case of transformers, and find it works admirably; but 
just why I use this method instead of the other in the induction 
motor I can explain only by saving that it has become a matter 
of custom. A designer emplovs one method in preference 
to another largely through habit. 

C. P. Steinmetz: I do not quite agree with the conclusion 
that such a considerable difference exists between the three- 
phase and the two-phase induction motor, in favor of the three- 
phase motor. This does not agree with mv experience, theo- 
retical and experimental. The exciting volt-amperes of an in- 
duction motor at constant magnetic densitv; that 1s, constant 
magnetic flux per pole, are the same for the three-phase as 
for the two-phase motor, and are slightlv lower for the single- 
phase induction motor: the maximum output is the same for 
the three-phase as for the two-phase motor, and for the single- 
phase induction motor varies between about 35 and 45‘; of 
the maximum output of the same motor as polvphase induction 
motor. In other words, all polvphase induction motors have 
the same volt-ampere excitation, and same maximum output, 
while the single-phase induction motor at the same magnetic 
density has a slightly lower volt-ampere excitation and less 
than half the maximum output. The excitation of the single- 
phase motor is slightly lower, because one of the components of 
the magnetic flux is produced bv transformation through the rotor, 
and therefore is lower bv the drop of voltage in the transtor- 
mation from the impressed energy phase of the stator to the 
magnetizing phase of the rotor. 

The numerical values of reduction factors are, I believe, 
merelv the average of the projections of the different coils as 
displaced in position from each other upon the main direction 
of the coil, or are the average cosine extending over an arc of 90 
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degrees in the two-phase motor or 60 degrees in the three-phase 
motor. I believe, however, that when the author speaks of 
three-phase winding, he refers to six-phase winding. The 
three-phase winding, which he refers to, is a winding arranged 
so that each phase covers an arc of one-sixth of a period, or one- 
sixth of the pitch of two poles; therefore all his conclusions, 
while they apply to such a six-phase winding, whether deita 
or ring, or Y- or star-connected, do not apply to the real three- 
phase winding, where each phase covers an arc of 120° electrically, 
as used in synchronous converters and such machines. The 
two-phase winding would better be called four-phase, since 
it covers an arc of 90 degrees. Otherwise, however, the paper 
is very interesting, in giving a discussion of the effect of arc of 
distribution of the winding, as varying between 60 and 90 
degrees. 

R. E. Hellmund: Mr. Steinmetz savs that there should be 
hardly any difference between two-phase and three-phase motors, 
but 1t 1s a fact that the leakage of the two-phase motor is con- 
siderably higher than that of the three-phase motor; and there- 
fore it 15 natural that it is much more difficult to design а 
good two-phase motor than a good three-phase motor. The 
reasons for the difference in the leakage are various, but it. 
seems to me that one of the main reasons 15 the following: 
The leakage consists of two kinds, one leakage going around 
each particular phas?, and ore leakage which is going to all 
three phases, going around the bunch of the three phases. 
Now, 1n the three-phase motors this given leakage is, for certain 
kinds of windings, practically zero, (т.е. the mostly used diamond 
winding) since the vector sum of the three-phase currents 
is zero and that of the two-phase currents is a certain amount. 
I made a series of tests which tended to show that this 1s one of 
the main reasons for the difference in the leakages. 
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DiscussION on “* HEAT-TESTS ON ALTERNATORS "AT 
MILWAUKEE, Wis., May 28, 1606. 


C. P. Steinmetz: This paper is very interesting, as it deals 
with a problem of machine testing and manufacture that 15 
becoming more and more serious, and will probably in the 
future be a proper subject of investigation by our standardizing 
committee. The investigation and measurement of the tem- 
perature-rise of a machine under load have been made by load- 
ing the machine to full load, and then running it a suthciently 
long time to reach stationary temperature. The size and num- 
ber of machines has increased so fast that even by relegating 
these heat-tests to the night time, when not much power 1s used 
for operating the factory, the amount of power required to 
make the tests exceeds that available. In the last few vears, 
with the development of hugh alternators, the amount of power 
required by a single alternator has risen bevond the available 
power of most manufacturing plants; it 1s not very uncommon 
now to find two or three alternators in a factory, of sizes varv- 
ing from 35 000 to 8 000 kw., waiting to be tested. With 
such hugh machines, the time required to reach stationary 
temperature 15 from 20 to 24 hours, or more. Few facilities 
are available now really to make a full-load heat-test of these 
machines; therefore it has become necessary to determine the 
heating at full load without being required to put full load on 
the machine. 

A number of methods have been produced and recommended, 
none of them being really quite satisfactorv. The split-held 
method, the split-armature method, and the method so ablv 
discussed in the paper—all are steps in this direction. A simple 
compromise method has been used for a number of vears. 
This consists in making a no-load open-circuit test, and a no- 
load short-circuit test; that is, running the machine at open 
circuit at over normal voltage a certain length of time, whereby 
the core losses and no-load losses are more than normal; and 
then running the machine at short-circuit on overload current 
for a certain number of hours, whereby the load losses are more 
than normal, and from the heating observed under these two 
conditions, estimate the actual rise of temperature at full load. 
These tests are very satisfactory as check tests; that is. to de- 
termine whether the rise of temperature of the machine 1s what 
it was expected to be. But thev really beg the question; be- 
cause they do not show how much overload in voltage and 
overload in current is required to represent full load in both 
applicd simultaneously. This means that a machine must 
be tested nrst at regular full load, observing the temperature 
rise; and then by experiment find out how much excess voltage, 
how much excess current, successively applied, give the same 
rise of temperature. Then by exercising judgment all the 
other machines of the same size, tvpe, and character can be 
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tested by comparing the open-circuit and the short-circuit 
tests. But the first machine must still be tested at full load, 
and that is not feasible; it is one of the dithculties met with in 
attempting to make full load tests with large machines. 

The other difficulty is that even if there were unlimited power 
at ones disposal, if one were able to run a 5 000 or 8 000 kw. 
alternator in the factorv at full load for 24 to 36 hours, the full- 
load temperature rise would not be got, because so long a time has 
elapsed before the machine temperature has become constant, 
that it is practically impossible to maintain constant air tem- 
perature; and the variation of air temperature must be reckoned 
with. If the air temperature during the test changes, it is 
not right to call the temperature rise the difference between 
the machine temperature and the air temperature at the moment 
of shutting down; nor is it right to compare it with the air 
temperature in starting up, nor with any intermediate temper- 
ature. The problem is not merelv to be able to run the machine 
at constant full load for a considerable time, but to keep the 
air temperature in a room large enough to accommodate a 
5 000 or 8 000-kw. alternator constant within a degree or 
two during the whole length of time. "The problem 1s so for- 
midable that the solution is rather dithcult. "Theoreticallv 
one mav say it could be done bv running the machine at full 
load for some weeks, and recording continuouslv by registering 
instruments the temperature of all parts of the machine and 
of the air; then, after discarding the records of the first 24 or 48 
hours, compare the average temperature of the machine with 
the average temperature of the air, averaging over a consider- 
able period so as to offset the dailv fluctuations of temperature. 
This method is not practicable in the factory. 

Hence it is avery difficult problem to determine the tem- 
perature rise of a very large machine under full load and 
service conditions. Even if bv some compromise we should be 
able to run the machine without power expenditure with such 
internal losses as would represent the full-load losses—still 
the other problem would have to be solved, to correct for the 
variations of the air temperature. Not onlv must the load 
on the machine be kept constant, but constant, too, must be 
kept the air temperature of the surrounding space; this is 
almost impossible 
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THE EFFECT OF IRON IN DISTORTING ALTERNATING- 
CURRENT WAVE FORM. 


BY FREDERICK BEDELL AND ELBERT B. TUTTLE 


INTRODUCTION. 

It is well known that in a circuit containing no iron an im- 
pressed sinusoidal electromotive force will cause a sinusoidal 
current to flow, the current lagging behind the impressed elec- 
tromotive force by an amount depending upon the relative values 
of the resistance and inductance, which in this case 1s constant. 
Assuming inductance alone in the circuit, the sine current which 
flows lags 90° behind the sine electromotive force and repre- 
sents no power, the power-factor (cos 90?) being zero. 

It is also well known that if the conductors of the circuit 
encircle iron, the inductance will no longer be constant. The 
current resulting from an impressed sinusoidal electromotive 
force will no longer be sinusoidal, but will be distorted and 
consist of a first harmonic or fundamental sine current of 
the same frequency as the electromotive force, and harmonics 
of 3, 5, 7 etc. times the fundamental frequency. 

One of the first studies of this subject was made by Ryan 
and Merritt* who, from experimental curves of current and 
electromotive force, determined the hysteresis loop for the iron 
of a transformer. Steinmetz! taking certain hysteresis loops 
and assuming a sinusoidal electromotive force, has determined 
the complex current wave for a large number of cases. 

The purpose of the present writers is to study more 
ful the relation between the harmonics introduced by iron 


* TRANSACTIONS, A.I.E.E., Vol. VII., p. 1. 
1. Steinmetz: Alternating Current Phenomena, Chap. X 
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into the current wave, and the hysteresis loop of the iron to 
which these harmonics are due. For example, it can be shown 
that certain harmonics, defined by their amplitude and phase 
with reference to the fundamental, can be produced by iron; 
others can not, these latter being excluded as impossible 
by the determination of some physical limitation. The con- 
dition that hysteresis in iron causes it to absorb rather than 
to give out energy, at once renders certain harmonics impossible. 
The fact that the current can have a maximum value only co- 
incident with the maximum value of induction in the iron is 
likewise a limitation. Again, the fact that after saturation 
the permeability decreases with the increase of the induction 
is a further limitation. 

In case of a sine electromotive force and a complex current 
wave due to iron, the harmonics in the current wave (being 
3, 5, 7, etc. times the frequency of the electromotive force) 
can represent no power. Any power must accordingly come 
from that part of the complex current wave which is of the same 
frequency as the electromotive force. If this current lagged 
90° behind the electromotive force, as it does with no iron 
present, there would be no power, as has already been pointed 
out. But the current of fundamental frequency is shifted 
ahead by an angle, ¢, of hysteretic advance due to the iron, | 
so that it lags less than 90° behind the electromotive force; 
consequently it represents power, this being the power expended 
in hysteresis. 

The current of fundamental frequency which we are to con- 
sider might be taken either as the fundamental sine curve, as 
we analyze the current into components of 1, 3, 5 times the 
frequency; or, as the equivalent sine curve, which 15 a sine curve 
equivalent in its effect to the fundamental and higher harmonics 
combined. The distinction between the fundamental and equiv- 
alent sine curves, which have sometimes been confused, will 
be taken up more fully later. 


2. A symmetrical hysteresis loop introduces odd harmonics only. 
Taking e = E sin wt and current 1, the work done per cycle is 


27 
w= f eidt. 
| 0 


For апу odd harmonic of n times the frequency, ia = J, sin nwt. 
With this value substituted for :, the integral vanishes апа W = 0. 
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A relation will be sought between the hysteresis loop for any 
iron and its angle of hysteretic advance. 

Finally, consideration will be given to the effect of hysteresis 
upon the vector representation of alternating currents, and 
it will be shown that the complete diagram in any problem 
can no longer be drawn in a plane. 


EFFECT OF THIRD HARMONIC. 


Fic. 1.—Sinusoidal current / and induction В, lagging 90° behind 
the sinusoidal electromotive force E when no iron is present. 


coil be sinusoidal, the magnetic flux threading the coil will 
likewise be sinusoidal, and in phase 90° behind the electromotive 
force. This is true whether the coil embraces iron or not. 

If the coil does not embrace iron, the current likewise is sin- 
usoidal and 90? behind the electromotive force; the flux is in phase 
with the current, and proportional to it. See Fig. 1. We 
may then write 

dB di 

е ——4A qy mer 
The inductance L is constant; and hence the induction B is 
proportional to current t and magnetizing force Н, permeability 


* Not including ohmic electromotive force. 
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being constant. The hysteresis ''loop," plotted: between B 
and H, becomes then a straight line. 


With iron present, inductance and permeability are not con- 
stant. The induction B is no longer proportional to the current 
2 and magnetizing force H, and with induction B sinusoidal 
(due to sine impressed electromotive force), the current 7 is 
not sinusoidal, but distorted as in Fig. 2. Since B and H 
are no longer proportional; instead of a straight line we have 
the hysteresis loop representing their cyclic variation. 


Fic. 2.—Complex current J and induction B with maximum values 
90? behind sinusoidal electromotive force when iron is present. The 
fundamental (F) sine curve of current lags (90— p) degrees behind E. 


In the following work we shall deal with the fundamental 
and third harmonic only. The process will be to assume suc- 
cessively definite relative amplitudes and phase positions for 
these and build up the complex current wave. From this 
complex wave of current and the sine wave of flux, the hysteresis 
loop which would cause such a current is determined. 

The equation for the current is 

т = sin wo t4 B sin (3«wt-0). 
The amplitude of the third harmonic is # (taking the funda- 
mental as unity) and @ is 1ts phase-angle,+ 0 indicating an ad- 
vance, and — 0 a lagging of the origin of the harmonic rela- 
tively to the origin of the fundamental. 
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Let us take a typical case represented in Fig. 2. The as- 
sumed fundamental and third harmonic of the current are 
represented by dotted curves. Here the amplitude of the 
harmonic is taken to be @ = 0.22 (the amplitude of the funda- 
mental being unity) and б is taken to be +45°. The maximum 
of the current wave necessarily coincides in time with the maxi- 
mum of the induction (for in a hysteresis loop the maximum H 
coincides with the maximum В). The sinusoidal flux, in ac- 
cordance with Faraday’s law, is 90° behind the sinusoidal 
electromotive force; accordingly, the maximum of the induction 
and hence of the current is 90° behind the electromotive force. 
It will be noted, however, that the fundamental of the current 
wave has its maximum in advance of the maximum of the com- 
plex wave by an angle ¢, the hysteretic angle of advance, 
in this case equal to 29° 23’. The fundamental current wave 
lags then 90? — y behind the electromotive force and represents 
power consumed by hysteresis, with a power-factor cos (90° — g) 
= sin 9. 

If 0, the phase-angle of the harmonic, is between 0° and 180°, 
we find that the right-hand side of the complex current wave 
will have a hump, as in Fig. 2. The fundamental will be ad- 
vanced to the left so as to lag less than 90? behind the elec- 
tromotive force, representing power taken by hysteresis—a 
possible case. 

If, however, 0 is between 180° and 360°; that is, if the har- 
monic is made to be behind instead of in advance of the funda- 
mental, the hump on the current curve will be found on the left, 
and the fundamental will be shifted to the right so as to lag more 
than 90° behind the electromotive force, representing power 
given out by hysteresis—an impossible case. In this case the 
hysteresis loop would needs be traversed in the reverse direc- 
tion from the actual counter-clockwise direction and its area 
would represent work given out per cycle. Fig. 2 turned 
upside down would represent such a case. 


DERIVATION OF HYSTERESIS LOOP. 


A hysteresis loop consists in plotting corresponding values 
of B and Н in rectangular coórdinates. <A hysteresis loop cor- 
responding to the curves of Fig. 2 15 accordingly readily plotted. 
Н is directly proportional to J, and hence the curve for I may 
be taken as a curve for H. Corresponding values of H and B 
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are taken directly from the curves in Fig. 2 and plotted in rec- 
tangular coórdinates to give the hysteresis loop of Fig. 3. 

The interpretation is this: we arbitrarily assume a complex 
current J, made up of a fundamental and third harmonic, Fig. 2. 
The sinusoidal induction B and electromotive force will then 
be as shown in Fig. 2. The hysteresis loop which would pro- 
duce the assumed distortion is shown in Fig. 3. 

When 0 = 0°, or 180°, the hysteresis loop becomes a curved 
line; the ascending and descending curves coincide and enclose 
no area, representing therefore no hysteresis loss, although the 
permeability varies. These cases are shown by curves 5 and 13 
in Figs, 14 and 15. They are impossible limiting cases; the 
angle 0 must accordingly be more than 0° and less than 180°, 
and positive. 


A 
p^ 


Fic. 3.—Hysteresis loop corresponding to Fig. 2. 


It will be shown later that @ must be greater than 30°, and 
that all the curves in Fig. 14 (corresponding to values of 0 
from 0? to 30?) are impossible. 

The hysteresis loops derived in this paper from consideration 
of the fundamental and third harmonic only in the current 
wave, have an unnatural appearance, particularly near the 
maximum values. Hence it is concluded that the fifth and 
other higher harmonics are necessary in the complex wave in 
order to derive therefrom a more normal hvsteresis loop, partic- 
ularly when saturation in the iron is passed. 


LIMITING VALUES OF AMPLITUDE OF HARMONIC, AND OF HySTER- 
ETIC ADVANCE. 


It will be found that for 0 = 0° the amplitude 8 of the har- 
monic cannot be greater than 4; and for 0 = 180°, the value 
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of В cannot be more than {, the fundamental being taken as 
unity. The limiting possible values of # for various values of 
0 are shown in Fig. 4 and are given in TableI. If 8 exceeded 


Fic. 4.—Limiting values of 3 (amplitude of the third harmonic) and 
ф (hysteretic advance) for various phase positions of third harmonic. 


TABLE I. 
LiMiTING VALUES OF 3 AND @ FoR Various VALUES or б. 
0 B Y 0 B Y 

0° 0.111 0° 40° 6’ 0.211 29° 34’ 
0.112 0" 41? 45° 14’ 0.220 29° 6’ 
0.113 $55" 46? 34’ 0.222 27° 43’ 
0.116 11° $8" 57° 44' 0.240 27° 28" 
D" EP 0.120 16° 20; 60° 42’ 0.244 ДИ г S 
1° 45’ 0.122 16° 54’ 71° 44’ 0.260 25° 8/ 
4° 48’ 0.133 22° 30’ 76° 48’ 0.267 oa” i 
6° 55’ 0.140 24° 28 NET" тм 0.280 21° 56’ 
8° 34’ 0.144 25° 35’ 95° 54’ 0.289 20° 12’ 
12° 52° . 0.156 27° 40’ Ei y 10" 0.300 IN" X 
14? 15' 0.160 28° ]15* 120° 40’ 0.311 14° 34’ 
11° 37. 0.167 28° 57’ 134? 4’ 0.320 Li? 22" 
229 44' 0.178 29° 41’ 143° 35’ 0.322 10° 23^ 
23° 47' 0.180 29° 47/ “Ө x 0.330 5° 43’ 

30° 39’. 0.192 30° 00" 180° 0.333 0° 


33° 59 0.200 29° 56" 
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the limiting value, the resultant current would have two maxima 
in a half cycle, as in Fig. 17 of the Appendix. This is impossible, 
as it would mean corresponding maxima in the values of H. 
This would cause H to have four maxima per cycle, as in Fig. 
18, while B has but two. 

Curve gı, in Fig. 4, shows the greatest possible values of the 
angle of hysteretic advance for various values of 0; this curve 
corresponds to limiting values of 8 given in curve f. Other 
values of B will give a smaller value for à as shown in curve 4, 
which shows for 3 = j for all values of 0. It is seen that 
in no case can ф be greater than 30°. 


Fic. 5.—Complex current curve, fundamental and third harmonic for 
6 = 0. See Table II for data for all curves. 


For the method for determining the limiting value of 3, and 
also for 4, as given in the table and shown in Fig. 4, a full dis- 
cussion of which is given in the appendix, we are indebted to 
Professor James McMahon. | 

A year ago Mr. M. C. Carpender, at the suggestion of one of 
us, plotted a large number of complex current curves and 
hysteresis loops for different values of 0 and B, with a view to 
determining their limiting values by a method of cut and trial; 
but it proved impossible in this way to get definite results. 


DISCUSSION OF CURVES. 


The curves in Figs. 5-13 show the complex current wave 
resulting from a fundamental and third harmonic in various 


1906.] ALTERNA A CURRENT WAVE FORM. 609 
uos = 


phase positions from 
being in all cases. 
В shown in Ец 


of the harmonic 


The data referring to these curves ar? given 


in Table II. 
TABLE II. 
DaTA RELATIVE TO CURVES IN Fics. 5-13. 

Curve 

No. 0 B a o I I^ 
5 0? 0.1114 . Q* 0? 1.006 0.8890 
6 29 0.122 16° $4’ 17° 1.007 0.8832 
7 5° 0.135 | 229 487% | 28°. 1.009 0.8833 
8 20° 0.172 | 29? 20° -30* 1.015 0.9250 
9 30° 0:192: 1 29* 33° | -20* 1.019 0.9624 
10 45° 0.220 | 28° 38’ | 29° 22’ 1.024 0.9868 
11 90° 0.283 19° 36’ | 20° 30’ 1.039 1.1850 
12 135° 0.321 10° 12’ 10° 45’ 1.050 1.2950 
13 180° 0.333 0° o? 1.053 1.3330 


ĝ is the phase relation of the third harmonic to the fundamental at the origin. 


B is the ratio of the maximum ordinates of the fundamental and third harmonic (critical 
value). 
ф is the phase difference between the maxima of the distorted and fundamental curves. 


9o — Y is lag of fundamental component of current behind e.m.f. 


90 ~ (ү is lag of equivalent sine current behind e.m.f. 
I and I’ are the maxima of the equivalent sine curve and distorted curve, respectively, 
the maximum value of the fundamental being unity. 


The amount of shifting to the left of the fundamental (the 
hysteretic advance), is readily observed in each case, this being 
$. The hysteretic angle ¢ increases with hysteresis loss, the 
power-factor for hysteresis being cosy. In Figs. 5 and 13, for 
0 =0° and 180°, ¢ is 0 and the maxima of the fundamental and 
complex waves are coincident; hence power consumed by 
hysteresis 1s zero. 

The corresponding hysteresis loops for all cases are shown in 
Figs. 14 and 15. Loops 5 and 13, for 0 = 0? and 0 =180°, have 
no area, which likewise indicates that the power consumed by 
the hysteresis is zero. 

Curves shown in Figs. 5 to 9 are for various values of 0 equal to 
or less than 30°, the corresponding hysteresis loops being shown 
in Fig. 14. The upward turn of these loops, when @ is less than 
30°, shows these cases to be impossible; for they would indicate 
an increase instead of decrease in the permeability for increasing 
values of induction beyond saturation. Possible values of 6 
must accordingly be between 30° and 180°. 
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Fic. 6.—Complex current curve fundamental and third harmonic for 
Ө = 2°. 


Fic. 7.—Complex current curve, fundamental and third harmonic for 
Ө = 5°. 


Fic. 8—Complex current curve, fundamental and third harmonic for 
= 20°. 
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Fic. 9.—Complex current curve, fundamental and third harmonic fo 
0 = 30°. | | 


Fic. 10.—Complex current curve, fundamental and third harmonic for 
Ө = 45°. 


Fic. 11.—Complex current curve, fundamental and third harmonic for 
0 = 90°. 
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-— 


Fic. 12.—Complex current curve, fundamental and third harmonic for 
0 = 135°. 


А 
/^N 


< 
b 


NV 
V 


Fic. 13.—Complex current curve, fundamental and third harmonic for 
Ө = 180°. 
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Fic. 15.—Hysteresis loops corresponding to Figs. 10-13. @ greater 
than 30° Е 
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RELATION BETWEEN AREA OF HYSTERESIS LOOP AND ANGLE 
OF HvsTERETIC ADVANCE. 


Since only the fundamental in the current wave represents 
power, and the harmonics are wattless, we have the same power 
represented by the fundamental as by the complex wave. 
Hence if values of H be taken from the fundamental current 
curve, and a hysteresis loop plotted, it will have the same area 
as though H were taken from the complex wave, as was done 
in deriving the loops in Figs. 14 and 15. In this case, however, 
with H as well as B sinusoidal, the hysteresis loop would form 
an ellipse, the area of which can be shown* to be 


А =x XY sin 4. 
Here X and Y represent the maximum values of the sinusoidal 
magnetizing force H and induction B, respectively. 

As has just been shown, the area of this ellipse can likewise 
be taken as the area of the loop when the complex wave of cur- 
rent is taken. It at once follows that 

A 1 A xX’ 1 A [Г 


sing = р oy Y "T Y'y F 


Here F is the maximum value of the fundamental and I’ the 
maximum value of the complex current wave; X and X' being 
corresponding values of magnetizing force. X’ Y is the area 
of the rectangle enclosing the hysteresis loop. 

? 


write р; and for d 


F write f. 


A 
For X'Y, 
For any hysteresis loop the value of the hysteretic advance 
may then be derived from the following expression: 


Sin 9 =o f/x, 


* Let the induction and magnetizing force be respectively у = Y sin wt 
and x = X sin (wt — $). Plotted in rectangular coórdinates, the 
resulting figure will be an ellipse. Its area (see translation of Goursat's 
Mathematical Analysis, p. 185) will be 


=} | XY !ѕіп ш! соз (wt— 0) – sin (wt— d) cos wtjwdt 
0 


XY fum 
=—— | (sin? wt sin o + sin P cos? о t) wdt 
2.1, v y 


— n XY sin 4. 
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where p is the ratio of the area of the hysteresis loop to the en- 
closing rectangle, and } is a form-factor—the ratio of the max- 
imum values of the complex and fundamental current waves. 
If the result depended upon p only, hysteretic advance could be 
readily and directly determined from area of the hysteresis loop. 
The results are modified, however, by the presence of f, which is 
unsatisfactory, for it makes the direct determination in t'is 
way impossible. Table II gives values of J’ for curves 5-13. 


E 


Fic. 16.— Vector representations in three dimenions of a complex 
current. Е is sine electromotive force; F is fundamental current; Q,, 
harmonics; and / is the equivalent sine current. 


VECTOR REPRESENTATION OF COMPLEX CURRENT. 


Without iron, where current as well as electromotive force 
is sinusoidal, as shown in Fig. 1, the vector representation of 
these quantities as lines in a plane is well known. 

Let us take, however, such a case as shown in Fig. 2, in which 
the electromotive force E is sinusoidal and the current / оп 
account of iron, is complex, being composed of a fundamental 
Е and third harmonic Q,. 

Considering first the fundamental F, this may be considered 
as composed of two components, Fig. 16, a power component 
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P in phase with E, and a quadrature or wattless component Q, 
at right angles to E; that is, F =./p?4Q,?, These quantities 
E, F, P, and Q, are all sine functions of the same frequency and 
are graphically represented in one plane. The induction B 1s 
in the direction of Q,, and is also a sine function of fundamental 
frequency. The fundamental F lags behind E by an angle 
90 — à (as in Fig. 2); ф is the angle between Q, (or B) and F. 
In Fig. 16 and its discussion all quantities represent virtual or 
. Square root of mean square values. 

The harmonic Q, has no power component in phase with E; 
it is entirely wattless, as has been shown, and hence is to be 
represented graphically in quadrature to E. But it may be 
shown* that I = УЕ +02, which corresponds to a graphical 
. construction in which Q, and F are two sides of a rectangle 
and J the diagonal. As (О, 15 thus at right angles to both Е and 
F,it is drawn in the third dimension at right angles to the plane 
of fundamental frequency in which lie E, F, Р, and Q.. 

The total current is J, the diagonal of the rectangular parallel- 
opiped. / is the equivalent sine wave representing the com- 
plex current. In phase it is as represented in Fig. 16, lagging 
behind E by an angle 90— a. In magnitude it is such as to 
have the same square root of mean square value as the complex 
wave. We have seen that | 

I = VP EON 

We also have * 

I = VPHP. 

In the usual treatment confined to one plane, the plane taken 
is the diagonal one in which lie E and J. The equivalent sine 
current / may be resolved into a power component P of funda- 
mental frequency in phase with E, and an equivalent wattless 
component Q at right angles to E. The component Q is itself 
complex, consisting of two components each wattless; namelv, 
Q, of fundamental frequency and the harmonic Q,. We have 


then Quer) TEE 
and I= V P? 4 Qf 

Power is the product of E and P. Considering the funda- 
mental sine curve, we have for power in terms of F: 


W = EF cos (90 — Ф). 


*This is independent of the phase position б of the harmonic. See 
Е. Bedell, '" The Principles of the Tranformer," p. 391. 
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If we consider the equivalent sine curve, we have for power 
in terms of Í: 
W = E I cos (90 — a). 


Each is correct, the two expressions being practically identical. 
An error (numerically small) would be made by confusing the 
fundamental and equivalent sine curves,’and interchanging the 
values of F and J, or of ¢ and a. It is seen that 


sina F F 


sind I Мр, s 

For the curves in Figs. 5-13, the values for a and 0 are given 
in Table II; also 7, the maximum value of the equivalent sine 
wave. In constructing the curves, F has been taken as unity; 
then Q, = 8 (see table). | 

The graphical construction of Fig. 16 will include the rep- 
resentation of higher harmonics if we include them all in Q,; 
that is, in place of О, we should have О, = VQ-Q3...Q. 
Separately and collectively the harmonics are wattless, and are 
at right angles to both E and F. Their separate representation 
in three dimensions is not possible; for, in addition to being at 
right angles to E and F, each one should be at right angles 
to each other one, requiring ап additional dimension 
for each harmonic above the third. This representation is, 
however, unnecessary, for, since all are wattless, their collective 
representation as one line, Q,, meets all requirements. 

If we are to represent all quantities in one plane only, the 
vector representation is correct for each frequency, and for the 
equivalent sine curve separately; components of different fre- 
quencies so drawn are not to be combined vectorially, but are 
to be added by taking the square root of the sum of the separate 
squares. 

CONCLUSION. 


We conclude that an alternating current is distorted when 
iron 1s present by the introduction of a third harmonic in ad- 
vance of the fundamental by an angle 0 which is greater than 
30° and less than 180°. 

Taking the fundamental as unity, this harmonic cannot ex- 
ceed a definite value (see Table I) of about 0.192 for 0 = 30°, 
and 0.333 for 0 = 180°. | | 

The angle of hysteretic advance due to the third harmonic 
cannot exceed 30°, 
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From the shape of the hysteresis loop obtained from the 
third harmonic only, it is concluded that iron introduces higher 
harmonics in addition to the third. 

Three dimensions, as Fig. 16, are required for the vector 
representation of the complex current wave. 


APPENDIX.* 
RELATION BETWEEN 0 AND f. 
We wish to find the condition which holds at the transition 
state, Fig. 19, separating the impossible case of two maxima 


Fic. 17.—T wo crests, one trough, and two inflexions. 


Fic. 18.—Hysteresis loop corresponding to Fig. 17, with four maxima 
for H which would result were the limits of 3 given in Fig. 4 exceeded. 


and one minimum, Fig. 17, and the possible case of one maxi- 
mum and no minimum, Fig. 20. The form of hysteresis loop, 
Fig. 18, corresponding to Fig. 17, shows the impossibility of 
the former case. 

We proceed to find the condition imposed upon 0 and f so 
that the graph of 

f (t) =sinwt+ Bsin (3wt-0) 

shall have no trough or minimum in the first half cycle. 


* Due to Professor James McMahon. 
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By differentiation we have 
F’ (t) = w[coswt+3 д cos (3 wt+0)] = 0, 


hence the positions of the crests and troughs аге given by the 
equation 
coswt+3Bcos (3: t--0) = 0. 


We shall find the condition that this equation may have two 
roots equal; and, subject to this condition, we shall find the 
next root; this will give the position of the only proper crest or 
maximum in the first half-cycle. 


Fic. 19.—One crest and one (horizontal) inflexion. 


Fic. 20.—One crest and one (oblique) inflexion. 


For convenience let 98 = 1/a and write x for wt. 
Then 
cos (3 x+0)+3a cosx = 0. 
That is 
cos 3 x cos 0 — sin 3 x sin 0+3 a cos x = 0. 
Therefore 
(4 cos? х — 3 cos x) cos 0 — (3 sin x — 4 sin? x) sin 0+3 a cos x = 0. 
Dividing through by cos? x we have 
(4 — 8 sec? x) cos 0 — (З tan x sec? x —4tan? x) sinÜ--3asec?*x = 0 


620 BEDELL AND TUTTLE: [Sept. 28 


Replacing sec? х by 1+tan?x, we get the following cubic 
for tan x: 
sin Ө tan? x +3 (a—cos@) tan? x — 3 sin дїап x + (3a--cos0) = 0. 
Now it is known in the theory of equations that the cubic (1) 
ах +8602 +8сх+а = 0 
has two equal roots when 
4 (ac— b?) (bd—c*) = (ad—bcy, 
the equal roots being given by 


x =x = ен И 
: ^ 2 (ac— 0) 
and the third root by 
оь 0006 
T7 d ас – b 


For our cubic the condition for equal roots becomes 
— 4 (2 — 2 асоѕ0 +1) (3a?—2acos0 —1) = (4asin l}, 
whence 
ae 3af+6a—1. 
8 а? (2) 


and the expressions for the roots become 


tan х, = tan х, = · E sin 
А5 2? a?—2Qacos0+1’ (3) 

iren —3(a—cos0) _ 4а ѕіп ð 
ET sin 0 а? — 2 а со50+1 (4) 


With the aid of (2), the last expression reduces to 


(1-а) (1+3 а). 


tan x. = —— D Q4. 
: 8 a? sin 0 


It is convenient to let L- b, then b = 9 3, and 
_ (p +1) (+38) 
Hg e oem ш, (5) 
wherein @ is given by (2), or by 


cosg = SLO bf 
OS = XE Я (6) 


ог (in a form better adapted to logarithmic computation) 


by (b — 1)3 (9 — 5*3 
sin б == єр | (7) 
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This equation, wherein b —9 3, gives the desired relation be- 
tween 0 and f. If we assume a given value of б and solve for |, 
the value so obtained would be the greatest value of 7 that 
could be used with the given value of 0 without obtaining a 
trough as in Fig. 17, which corresponds to the impossible hvs- 
teresis loop of Fig. 18. 

To determine 4, the phase displacement of the crest, we pro- 
ceed as follows: 

Eliminating sin 0 from (5) by means of (7) we obtain 


tan x. = — ЪЗ — 
: м (b? —1) (9— b?) (8) 
Hence the position of the crest is given by 
wt= z — tan” EN do NEN : 
М 1) (9 6). (9) 


Now the crest of the fundamental curve (у = sin w t) is given 
x 


by wt = PE Hence the displacement of the crest due to the 
presence of the third harmonic is given by 
л b* + 3 
=wi(t—t,)= — — tan" pL Se ie ee “рЫ 
С am v/(P.—1) (9 — b?) (10) 


wherein b = 98. This gives ( іп terms of 3, when 0 is deter- 
mined as in (7). 

Since neither (7) nor (10) is readily solvable for b, it is best to 
assign values to b and compute corresponding values for б and 4. 
Equation (7) shows that b cannot be less than 1 nor greater 
than 3; and equation (6) shows that b = 1 corresponds to 0 = 0, 
and b = 3 ќо 0 =z. Table I gives values of б and ф computed 
from (7) and (10), by letting b run from 1 to 3 at convenient 
intervals, not always equi-distant. The corresponding values of 
B run from 0.111 to 0.333. 


Cornell University, June, 1906. 
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DiscussioN ON ‘ DrRECT-CURRENT Мотов DESIGN as INFLU- 
ENCED BY THE INTER-POLE,' AT MILWAUKEE, 
Wis., May 28, 1906. 


(Subject to final revision for the Transactions.) 


Н. Е. T. Erben: About fourteen or fifteen years ago I was 
interested in trying the effect of commutating the poles of a 
500-kw. machine. The results were not satisfactory. In look- 
ing over the old data, I see now how close we came to attaining 
success: the pole was properly proportioned, but we did not provide 
a sufficiently large magnetizing force for the commutating field. 
Wethen turned our attention to other matters, and did not renew 
our experiments on this kind of motor until two or three years 
ago, when the need of motors for machine-tool work, and gener- 
ators for direct connection to high-speed steam-turbines, made 
it necessary to take up again the developing of the commutating- 
pole machine. 

Our experience during the last two years in developing ma- 
chines of all sizes, even as large as 2000 kw., has proved the 
value of the commutating-pole machine to all designers of com- 
mutating apparatus. We have considered carefully the shape 
of pole, length of air-gap, magnetizing force, and so forth. About 
eighteen months ago we attempted to take the curves of a small 
experimental machine by the method outlined by Mr. Bedell; 
we got a satisfactory curve at the portion between the brushes, 
but at the point where we wished to determine the magnetic 
distribution the curve was obliterated, due to the coils being 
short-circuited by the brushes. We wound on an experimental 
coil which had the same pitch as the armature coils; we then 
connected it to the two collector rings and to the oscillograph. 

The possibility of the curve being flat, as mentioned by Mr. 
Bedell, is realized in certain cases. The curve is flat, or nearly 
so, except when the machine 1s operated with a very weak field; 
then it becomes slightly tilted; but there 15 no dip in it, as some 
suppose. We have found that the flux as plotted by the oscillo- 
graph curves is practically proportional to the load on the 
machine. | 

A description of a generator recently built by the Siemens 
Company in England says that the generator has a separate 
and distinct structure for the commutating circuit; that is, the 
main magnetic yoke is not depended on for carrying the flux. 

On high-speed generators fitted with commutating poles and 
direct-connected to a steam-turbine running at from 1800 to 
2000 rev. per min., we find the commutation excellent and the 
regulation very fine. One machine, a 2000-kw. direct-current 
generator, direct-connected to a steam-turbine, running at 750 
rev. per min., is practically flat-compounded without a series 
field; it is done by giving the brushes a slight shift backward. 

To show the close regulation obtained on a 50-kw. machine 
with the brushes directly on the neutral point, I would say that 
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the pressure between no load and full load varied practically 
from 510 to 500; with exactly the same position of brush and a 
weakened field, the drop in voltage was from 400 to 384. By 
giving the brushes a slightly backward shift the machine would 
over-compound 10% before the limit of sparking was reached; 
in other words, the machine had a wide range of commuta- 
tion. | 

I have also found that commutating poles are entirelv satis- 
factory on machines of large ampere capacity. On some 7000- 
ampere machines recently built, with a range of voltage of from 
60 to 140, the load was carried throughout the whole range with- 
out a sign of sparking. 

Will Mr. Bedell please say what proportion he found on motors 
between the armature reaction from brush to brush as compared 
with the magnetization of the poles? 

C. H. Bedell: The proportion of the turns on the armature 
of the pole were largely air-gap, not the U-pole; but as a general 
thing on machines from one to fifty horse power, variable-speed 
motors, 4 to 1, the increase in ampere-turns on the inter-pole 
was abou 30%. | 
№ Н. Е. T. Erben: That agrees with my experience and the 
experience of French and German builders. They have found 
that it is not possible to use a small air-gap on a large 
machine; doing so produces unstable results and a certain 
amount of sparking. With the proper air-gap for commutation, 
the ratio is 1.2 to 1.35. 

I have seen in a number of German papers and other foreign 
publications, poles of odd shapes, some tilted one way, some 
another; some with a triangular cross-section; and others had 
holes drilled in one edge. We tried these schemes but could not 
obtain any improvement in the commutation. 

W.L. Waters: The introduction of auxiliary commutating 
poles in direct-current machines was first proposed about 15 
years ago; but no use was made of this method of assist- 
ing commutation until quite recentlv, the reason being that the 
commercial requirements of direct-current designing did not 
require any auxiliary aids to commutation. The direct-current 
machines that were built 10 vears ago were built economically 
and made to operate satisfactorily without auxiliary poles. 
There was no market for the auxiliary-pole machine until the 
demand arose for variable-speed motors and high-speed gene- 
rators. 

The demand for a direct-current motor capable of considerable 
speed variation practicallv originated with the multiple-voltage 
system. This system demonstrated that there was a good 
market for individual motors for driving machinetools. Although 
it has not yet been decided whether the individual motor drive 
is the most economical svstem for a machine shop, a demand 
has arisen for shunt-wound direct-current motors whose speed 
can be varied about З or 4 to 1. The only way in which such 
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a motor can be economically and commercially built at the pres- 
ent time is by using an interpolar construction. 

High-speed generator construction practically dates from the 
construction of the steam-turbine, and the steam-turbine has 
been in commercial use only a few years. The fact that genera- 
tors are running satisfactorily at the high speeds at which steam- 
turbines operate has accustomed operating engineers to high- 
speed electrical machinery. The result of this is a demand for 
higher speed motor-generator sets and synchronous converters, 
the assumption being that such sets cost less and require less floor 
Space. Motor-generators and synchronous converters are now 
built to run at nearly twice the speed that was thought practi- 
cable two years ago, and it seems as if the tendency were 
toward still higher speeds. 

The main development in the next few years in direct-current 
machinery will probably be in connection with the extended use 
of the auxiliary commutating pole. The commercial success of 
this construction for variable-speed motors has already been 
demonstrated, and .t is probable that the auxiliary will be used 
extensively in high-speed generators, reversible boosters, and 
similar machines which operate under severe commutating con- 
ditions. Almost every direct-current designer at the present 
time is investigating the possibilities of this auxiliary commu- 
tating pole. At present very little is known of its effect on 
commutation, with what have heretofore been regarded as pro- 
hibitive reactance voltages. It will be interesting to find out 
sust what its limits are in this direction, and to what extent it 
will reduce the cost of direct-current machinery. 

N. J. Neall: What effect will the inter-pole have on the 
design of large capacity motors carrying heavy currents? and 
to what degree will the requirements for ventilation be affected 
as compared with present standard motors? 

C. H. Bedell: On the small machines—up to 50 h.p., 4 to 1, 
which have been built—the proportions have been modified so 
as to offset the extra cost of the inter-poles; that is, the air-gaps 
on the main poles are as a rule smaller than in the normal machine, | 
for the reason that the sparking is controlled independently of 
the armature reaction. By making the air-gaps smaller, the 
necessary field excitation is reduced and the field diameters kept 
down. The inter-poles themselves are not very large. At the 
present time there are in use the same number of inter-poles as 
main poles; these inter-poles are about half the length of the 
armature core, so that they do not interfere very much with the 
circulation of air. The usual temperatures of the machine are 
within the specifications of the Institute. 

S. Sanstius: Will Mr. Erben kindly explain the application 
of tke inter-pole on turbo-generators? As I understand it, 
one of the difficulties in the design of these generators is to get 
rid of the heat produced by the core losses; the core losses are said 
to b» very great. Now in order to reduce the core losses vou 
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have to reduce the flux; you also have to reduce the number of 
poles to keep down the frequency, and the armature ampere- 
turns per pole become very great. The induction in the teeth 
under the main poles being made very small, it seems to me that 
the iron losses may be very small at no load; at full load, how- 
ever, the main field is very much distorted by the large trans- 
verse m.m.f., and sometimes the maximum induction in the teeth 
unde: the leading poletips becomes twice as great at full 
load as it is at no load. Thus it seems to me that in such 
cases it would be necessary to compensate the armature trans- 
verse turns by a winding on the pole faces. 

Н. Е. T. Erben: Machines have been built with both a dis- 
tributed winding and the so-called Deri winding, however some- 
what modified in that it had a commutating tooth. There has 
also been built a machine which had no distributed winding, only 
a plain commutating coil being used. The latter type of machine 
has low cove losses and the heating is very conservative. А 
900-kw. direct-current vertical turbine-generator set of this tvpe 
has an efficiency of 969. The maximum temperature rise of 
this machine is about 409 Cent. The armature 1s artificially 
cooled by a downward draft of air set up by means of fans 
attached to the lower end of the armature. The armature losses 
represent about 1.4 watts per square inch. The draft sufhces 
to keep it cool. 

N. J. Neall: What effect would an inter-pole have on series 
railway motor design, and what 1s its valuc? 

C. H. Bedell: That opens up a pretty big field, and we are at 
present designing motors along that line. We have made 
some very satisfactory experiments. I think one of our stand- 
ard machines 500 volts, 10 h.p., 4 to 1 variable-speed motors 
—could not be made to spark with 100° overload, and with but 
9% field excitation. The point wasto find out if with that method 
of construction—of course, the machine was not designed for 
that class of work, it was not of a shape su:table for rail- 
wav purposes, but was one of our standard machines—we 
could use that method for railway motor work so as to obtain 
some additional economical speed points, other than the two 
speed points in the series parallel control. The experiments 
were thoroughly satisfactory: not only would the motor not 
spark, but we got a wide range of speeds. 

The use of inter-poles makes quite a little difference inthe 
size of the machine, because we can use much deeper slots than 
in the ordinary construction, on account of not being hampered 
by the armature reaction; I think, therefore, railway motors 
could be made that would give three or four extra running 
speeds, maybe double the speed of the ordinary motor, without 
апу difference in size. The shunting of the current off the 
series feld would reduce the field, and in laving out a machine 
for that class of work, of course the armature wire would have 
to be large enough to allow for the extra current, and that could 
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probably be done by using a little deeper armature slot. The result 
of heating, then, would be no greater than in the present case, 
with no difficulty in respect to field heating, and several speed 
points with high economy would be obtained. 

President Wheeler: In dynamo designing the inter-pole is 
undoubtedly a desirable feature; but in motors for variable speed, 
while I consider the inter-pole an excellent device, I believe 
that it is practically on an equality with several other means 
for obtaining variable speed, when the entire cost of the equip- 
ment is considered. 

There are, of course, several ways of varying the speed of a 
direct-current motor. When the total cost of the application, 
including that of the driven machinery, is considered, I think 
the cost of a field-weakening motor, which is the one in which the 
inter-pole is employed, will be as great, if not greater, than the 
cost when the speed variations are obtained in other ways, such 
as by the use of multiple voltages, provided equal ranges of speed 
are obtained. I am somewhat of a believer in multiple vol- 
tage as the best method of obtaining speed variations. 
am aware that this method is opposed by machine-tool bui d- 
ers, but time will show whether they will give up that oppo- 
sition or not. Machine-tool builders began with opposition to 
motors in any way and in any form, but they have changed 
fiont on this question and in time I think they may give up 
some of their present opposition to the necessary four wires. 
In cases where machines are to be used in reasonable quantitv, 
it seemsto methat the four-wire or multiple-voltage method is 
much simpler and far less expensive in first cost. Of course 
where tools are not to be used close together, the advantages in 
favor of someother method of speed variation are obvious. 
The circumstances of each particular case should be considered. 

David Hall: The author says that inter-pole motors are 
used not only for variable-speed work, but are also found useful 
for constant speed conditions. I think that the inter-pole has 
given rise to a condition where the engineer can show his dis- 
cretion as to the proper place in which to use it. If a machine 
can be built which is limited in design onlv bv heating, and 
not by commutation, I think it is only an unnecessary complica- 
tion to introduce inter-poles or any other auxiliary device that 
assists commutation. For instance, if the problem were to design 
an ordinary 30-h.p. 200-volt, 600-rev. per min. motor, the 
designer would find no use for auxiliary devices for commutation, 
because 10065 overload could be carried on the motor without 
difficulty, and the output limited, not by sparking, but bv 
heating. On the other hand, when the problem is to design 
a machine to give 4 to 1 speed variations, and it cannot be done 
without some auxiliary device, then the necessary means should 
be used for producing a satisfactory machine to accomplish that 
end. The author says: 


Experiment has proved conclusively that if the excitation of the inter- 
poles 1s correct for high speeds, it 1s also correct for all lower speeds. 
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I have found that there is a much greater range at low speeds 
than there is at high speeds. In a number of experiments car- 
ried on in Cincinnati it was shown that the limits for commuta- 
tion were very nicely brought out by changing the size and the rela- 
tive proportion of the inter-poles. As has been said, the pole 
of half the length of the armature was found to be a desirable 
field. That may be true; at the same time if the shape of the 
pole is very much changed, I am satisfied it will be found that 
the number of ampere-turns on the inter-poles should be changed, 
depending somewhat on the width and the length of the inter- 
pole. The author says further: 


In cases where the teeth of the armature are wide, it is necessary 
to make the bevel of the edge of the pole quite wide. 


That refers to the main pole. I am sorry that he did not dwell 
on the relation of the width of the commutating pole to the 
armature on which it is to be used. It is my opinion that there 
is room for considerable investigation along this line. The 
distance through which a coil passes during commutation, which 
depends on the width of the brush, the pitch of the slot, and the 
number of coils per slot—all these, I think, have a very great 
bearing on the proper proportion of the commutating pole. Re- 
ferring now to the statement: 

With the inter-pole construction, as the fringe of the main field is not 
used for commutating purposes, the beveling or skewing of the edge of 


the pole may be much narrower, and therefore the effective pole area is 
larger. 


This seems to mean that we can use a wider pole, or get 
the advantage of a wider pole-face, when we have introduced 
a commutating pole. Considering the fact that the commu- 
tating poles have to be provided for, and that they take up 
a certain amount of valuable space, we cannot use any greater 
pole in the enclosure than on the standard machine. 

The matter of air-gaps on the machine is also of importance, 
and I think it is not well to reduce the air-gap too much. The 
flux in the main pole mav be reversed, but causes increased 
iron losses which would affect the efficiency and temperature of 
the machine. 

І. D. Nordstrum: In regard to the humming of the armature 
being eliminated or reduced by beveling the main pole. Is this 
humming the same as that spoken of by J. Fisher-Hinnen, as 
whistling, which 1s controlled by a certain relationship between 
the pole-arc and the pitch oftheteeth? J. Fisher-Hinnen has 
given us an equation by the use of which we can adjust the 
relation of the pole-arc and the pitch of the teeth so as to 
eliminate, or at least to reduce to a great extent, this noise 
which he terms whistling. We have applied this equation in 
several cases to our machines and find that it works very 
satisfactorily. Is this humming relate іп апу way to the 
whistling ? | 
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C. H. Bedell: The humming which I reterred to is that pro- 
duced by a tooth suddenly entering a strong magnetic field. 
The usual practice in standard design is to bevel the field so that 
the tooth will enter the field gradually. The skewing method 
used on the inter-pole motor is used largely on account of a 
simpler method for shop use, one end of the tooth entermg the 
strong field before the other dampens the tendency to humming. 

C. P. Steinmetz: Regarding the question of the use of the 
inter-pole on series motors: some years ago the inter-pole was 
used on single-phase alternating compensated series motors, 
and it was found useful in improving the commutation; but 
its use was not continued, because the advantages gained were 
not sufficient to offset the disadvantage of the lower power-factor 
due to the counter electromotive force of self-induction of the 
inter-pole coil. Its use involves the question of weighing the 
advantages and disadvantages. In another type of motor it 
may be advantageous. In direct-current series railway motors the 
question is still before engineers whether the advantages gained 
by the use of the inter-pole are sufficient to compensate for the 
disadvantages of a duplication of the number of field coils and 
field poles and the space occupied by the inter-poles. Experience 
and further investigation will decide that. 

The inter-pole is not a new feature; it has been known for 
many years. I had occasion several times in former years to 
investigate the inter-pole, and under the conditions existing 
then decided against it. However, it is now used very satis- 
factorily and is a great success. It is one of those things 
like the single-phase alternating-current railway motor, or 
like the unipolar machine, which are not new inventions, 
but many years old—the unipolar machines have been known 
for a very long time—and the single-phase alternating-current 
compensated series motors were built and tested 15 years ago 
by R. Eickemeyer; not only machines in general lines similar 
to the present ones, but practically identical, even in the numeri- 
cal proportioning of the parts, were built for low frequencv, 
30 cycles. Still they have only been used in the last few years, 
because 15 years ago, while the machine was practically there 
in all its parts and proportions, there was по call for it. No one 
wanted 30 cycle apparatus; no one cared to use alternating current 
on railways, because for all distances then considered direct cur- 
rent was satisfactory. It isonly within very recent years that the 
great extension of long-distance electric railway lines has called 
for the use of the alternating-current motor, and so this motor 
was resurrected or re-invented, whichever you may call it, per- 
haps a little of both. The same is the case with the unipolar 
machine. To operate it satisfactorily requires large power 
capacity at high speed. There was no prime mover to give that 
large capacity at high speed until the steam-turbine came into 
use. The unipolar machine had to wait for the steam-turbine 
before it could become a commercial success. 
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If we consider the question of using the inter-pole in a well- 
designed direct-current machine, whether motor or generator, 
we find no advantage. It 15 a complication. But we can re- 
verse the consideration and say: we do not take a good machine 
as it stands, but design the machine by the use of the inter-pole. 
The inter-pole, controlling armature reaction, allows us to re- 
design the machine with practically unlimited armature reaction, 
which we could not do otherwise, and still get good commutation. 

Most of the features of this re-design have been discussed here 
to-day. The limitation of the output of a machine may be due 
to heating or to sparking. Where heating limits the output the 
inter-pole will not improve it. The development of the last 
years has been in increasing the output by better methods of 
ventilation, use of better material, which gives lower hysteresis 
loss, and a better method of insulating against eddy currents. 
This has largely increased the heating limit, so that machines 
formerly limited by the heating, are now limited by the com- 
mutation. 

Again, the inter-pole permits an increased armature reaction, 
and a lower field excitation. We could not use lower field excita- 
tion before in many cases. To secure the best dielectric strength 
of the armature, it 1s advisable to have the armature coils wound 
and insulated and then dropped into the armature slots. That 
means straight slots in the armature, with a considerable open- 
ing of the slot. To reduce the heating of the pole faces by the 
eddy currents means then that either, with a small air-gap, 
laminated field pole faces are required, or the length of the air- 
gap must be not less than about half the slot opening of the 
armature. The laminated field pole is a complication which 1s 
not so objectionable now as it was years ago, and laminated 
field poles are now used to a great extent. 

The maximum turns which you can put on the armature are 
limited by the pitch of the pole; that 1s, the armature diameter. 
It may be that the armature reaction which we could use, and 
the field excitation which we had to use to send the flux across 
the air-gap, was such that very little advantage could be gained 
by using the inter-pole. To get the benefit of the inter-pole 
meant much higher armature reaction; that is, very much higher 
peripheral speeds of the armature, larger armature diameter, a 
lesser number of poles; but larger section of the iron part of the 
machine, and other changes which, under conditions that ex- 
isted years ago, made the machine more expensive and less 
desirable. With the change of industrial conditions and the 
use of higher peripheral speeds as required by the steam-turbine, 
conditions are entirely changed. 

A very much larger pitch of the armature and so much higher 
armature reaction has to be used. The ampere-turns field 
excitation required to send the magnetic flux across the mini- 
mum permissible air-gap became far less than sufficient to con- 
trol the armature reaction. Furthermore, to get a reasonably 
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large number of poles and reduce the armature reaction within 
reasonable limits, required a low number of poles, say four poles 
in an 1800 rev. per min. machine, and that meant 60-cycle 
commutation. Hence the conditions of commutation became 
very severe, and in this case the inter-pole is a great success, 
while before these industrial changes had taken place, the inter- 
pole was of less advantage, and rather undesirable by reason of 
complication. 

Now, as has been so ably discussed in the paper, by the 
adoption of the inter-pole in variable-speed motors, we get 
a very wide range of speed. This range of speed is secured 
by weakening the fields greatly, which means a high arma- 
ture reaction. If you have two voltages in a system, say 
a three-wire circuit of 110 and 220 volts, and then in addition 
enter into the neutral of the armature by a compensator, con- 
nected to two opposite points of the armature by means of 
collector-rings—the center of the compensator representing the 
neutral or center of the armature—you can then utilize half of 
the counter electromotive force of the armature to consume the 
impressed electromotive force. Hence you get speeds corre- 
sponding to 110, 220, or 440 volts, or you get, at constant field 
excitation, a speed variation of 1 to 4. 

Since ordinary field control will give a speed range of one to 
two, this combination then gives you a speed range of 1 to 8 
without being obliged seriously to lower the field excitation. 
This is, however, a complication, and in all of these matters of 
engineering you must weigh complication against complication; 
the advantage of one feature against its disadvantages. The 
conclusions change with the change of the underlying require- 
ments. Thus we find in the course of progress the inter-pole 
now being introduced on a large scale as a very great improve- 
ment, while during the past 15 years, since the time of its first 
proposal, it has not been used to any extent except here and 
there tentatively. 
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Discussion ON ‘f LIGHTNING-ARRESTERS, AT MILWAUKEE, 
Wis., May 29, 19068. 
(Subject io / na' revision fer the Transactions.) 

Н. С. Wirt: Line to line discharges have not been admitted 
by some authorities, and for that reason I present additional 
data to that presented by me three or four years ago, in a paper 
before the INsTITUTE. In Fig. 21, the four papers represent the 
arrangement of the arresters; the lower one, the multiplex con- 
nection. You will notice the lower one is not punctured. The 
other punctures were made by voltage effects from line to line. 
As Mr. Osgood has said, the consensus of opinion expressed here | 
to-day is that the very severe discharges are from line to ground; 
that wherever the record-papers show a large hole, the voltage 
stress was between line and ground. Whether this was part of 
the actual lightning stroke going into the station and then to 
ground, we do not know. In order to limit the dynamic effect 
the gaps might be increased or the character of the metal im- 
proved, and therefore a great many tests were made on non- 
arcing metal. 

C. P. Steinmetz: Lightning, an interesting phenomenon, is 
of great importance to electrical engineers, an importance which 
is rapidly increasing with the increase of long-distance trans- 
mission. In order to judge properly of lightning protective 
apparatus, we have first to consider what is expected of them. 
If we expect that merely by putting lightning-arresters in sta- 
tions and sub-stations, we will protect our system against all 
lightning disturbances, I think we are mistaken. No such 
lightning-arresters have ever been built, and I think will not be 
built for some time to come. What lightning-arresters can do 
and should do, if properly designed, is to protect stations and 
sub-stations against the overflow of electrostatic discharges, 
high voltages, coming from the line, but not to protect the 
system as a whole. For the latter, we shall have to go back 
even to the preliminary designing of the svstem, so as to keep 
high-voltage disastrous lightning phenomena out of the system 
as far as possible. 

The construction of a transmission line is not merely the 
mechanical problem of erecting poles and stringing wires over 
them; it is also an electrical problem, and the electrical feature 
of the problem 1s not merely the selection of insulators capable 
of standing the transmission-line voltage. Long before that the 
most important part of transmission-line design must have 
been completed: it 1s to locate, topographically, the line so as 
to be exposed as little as possible to lightning disturbances. 
Before the right of way is secured, the question of lightning has 
to be considered and investigated, and that 15 not done at present 
toany extent. Certain precautions must be observed in design- 
ing a power house; certain precautions must also be observed 
in designing a transmission line. In either case the design has 
to be adapted to meet existing conditions. Before any work 
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is done we should study the topography of the country, see where 
lightning troubles are likely to occur, and where not; see where 
we can pass safely through a long valley between protecting 
hills, and where we have to cross mountain ranges or hills at 
summit level, find and avoid dangerous places as far as possible; 
in short, use sufficient precaution and protection. 

Although we are limited in this respect, as we do not know the 
country perfectly, we can frequently judge beforehand the most 
dangerous places from the topography and from a general study 
of the country. We know that an isolated hill or a hill crossed 
at summit level, is dangerous. Possibly still more dangerous 
is to cross a hill below the summit level on the western slope; 
this is liable to be a favorite place for thunder storms and light- 
ning. In going observingly over the road we may see trees 
shattered by lightning; and by consulting the records existing in 
the country, we can frequently find out which places are more 
dangerous than others. If, for instance, in a transmission 
system the main line from the central power house immediately 
crosses a mountain divide near the summit level on the western 
slope without any protection whatever, it is hardly fair to expect 
that such a system will ever operate perfectly satisfactorily, and 
be free from lightning troubles, whatever lightning-arresters 
may be installed. However, the usual procedure is to secure 
the right of way as straight as possible without reference to 
lightning, and then erect the line. Frequently before the wires 
are up the poles are shattered by lightning. As soon as the line 
is up and operating the lightning troubles commence. Then we 
install all kinds of known and unknown lightning protective 
apparatus in the stations, and watch alternately the lightning- 
arresters and the other apparatus in the station, or both at 
once—burn up. 

What I therefore desire to draw attention to is that the most 
important part of lightning protection must be done before the 
pole-line is erected, before the mght of way 15 secured, in locating 
the line as safely as possible. 

Furthermore, in the construction of the transmission line my 
opinion is, and I have stated so before—and recent experience 
more and more confirms me in that opinion—that the safest 
protection is a grounded overhead wire, covering the trans- 
mission line throughout its entire length. But such a grounded 
overhead wire must be above the transmission wire sufficiently 
high to protect it and must be of good conductivity, high current 
capacity, and frequently grounded. It is not so necessary to 
have a perfect ground; even less perfect grounds are satisfactory 
if they are frequent. Infrequent grounding, no matter how 
good, is not quite satisfactory. A grounded overhead wire does 
not mean the stringing up of a light telegraph wire anvwhere 
along the transmission line, or the use of barbed fencing wire of 
the poorest kind of steel, as used by farmers. If you string such 
wire up and have it break continually, and wrap itself lovingly 


634 LIGHT NING-ARRESTERS. [May 29 


around the transmission wire, you will get more trouble than 
protection—and deserve it. А very satisfactory way is to have 
a galvanized steel cable strung from pole-top to pole-top at a 
tension greater than that of the transmission line. This cable at 
the same time serves to brace the transmission line, gives a 
mechanical protection and strengthening of the poles, so that 
further bracing 1s necessary only at corners. Superior to one 
grounded overhead wire are three wires, one above the center 
of the line and the others at the two sides of the top cross-arm, 
slightly above the level of the transmission wires. At dangerous 
places, such as crossing a divide, it pays to install three wires. 
An objection frequently raised against the overhead grounded 
wire is that the transmission wire can not be put on the top of 
the pole, and that therefore, for a given distance of the trans- 
mission wires above ground, a longer and more expensive pole 
must be used. I believe that it pays to put money into the 
lightning protection of the transmission line. There is no excuse 
for using as short a transmission pole as possible, stringing the 
transmission line on the top of a pole, and then complaining 
about lightning, and finding fault with lightning-arresters, after 
you have econotnized at the worst possible and most inexcusable 
lace. : 
Where dangerous locations requiring special lightning pro- 
tection are encountered, one arrangement which has met with 
success, and which is advisable, is to parallel the transmission 
line by local lines, short-circuited secondary lines; for instance, 
where the transmission line crosses a hill. Such hills are usually 
covered with trees. A good practice, then, 1s to string parallel 
to the transmission line and as near as possible to it a few thou- 
sand feet of telegraph wire, merely laying it across the tree-tops 
and allowing it to hang to the ground. Such a wire lying parallel 
to the transmission line and sagging to the ground affords a good 
lightning protection, as shown bv the frequency of its being struck. 
All these features require consideration. The lightning protec- 
tion of asystem is an important engineering problem which should 
be considered before the location of the transmission line. 
Assuming that the transmission line is located at the rela- 
tively safest place regarding lightning, assuming also that it is 
protected with grounded overhead wire of good conductivity 
and frequently grounded; assuming also that at especially dan- 
. gerous places additional protection 1s secured—then the problem 
of keeping out from the station whatever electrostatic discharges 
may still occur is greatlv simplified. Then almost perfect pro- 
tection can be accorded the station apparatus. No system of 
grounded overhead wires will keep atmospheric discharges en- 
tirely out of the transmission line. If a pole is struck by a 
primary stroke, then even if the discharge is carried to the ground 
through a grounded wire no doubt some electrostatic charge 
will enter the main transmission line. If a lightning flash passes 
parallel to the transmission line, there will be a secondary current 
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induced in the grounded overhead wire, as well as in the trans- 
mission line; that is, a sudden impulse, a wave of very steep 
front, passes along the line toward the station. But even then 
the grounded overhead wire, if of high conductivity, offers a 
protection against any such impulse passing along the wire. 
The grounded overhead wire is a short-circuited secondary to 
the discharge as primary, and so very rapidly dissipates its 
energy. With a perfectly insulated transmission svstem anv 
impulse of high voltage would enter the station relatively little 
diminished; but with grounded wire of good conductivity the 
impulse will rapidly dampen out. The maximum decreases, and 
the steep wave flattens out so that when it enters the station it 
enters as a single impulse of moderate steepness, and can be taken 
care of by protective apparatus. 

In locating the transmission line, no system of overhead wires 
can entirely keep electrostatic impulses from the line. It means 
that the impulses must be taken care of, and this can be done by 
a system of lightning-arresters 1n the station and sub-station. 

What I desire especially to draw your attention to is Mr. 
Creighton's paper giving the report of an enormous amount of 
extremely interesting and valuable work on the subject of high 
frequency, high-voltage phenomena, with special reference to 
lightning protection, done by him under the joint auspices of 
the Union College and the General Electric Company. This 
work is not yet completed. Some of the important features 
shown are the time-element of the discharge; that the striking 
distance is a function of the time. This applies, however, only 
where frequencies of millions or billions of cycles are considered ; 
that is, local high-frequency oscillations. Then a spark-gap, 
to break down and exert a protective influence, may require a 
voltage very much higher than the normal disruptive voltage 
of the spark-gap; in other words, a wave of very steep wave-form 
will not jump across the spark-gap, where a wave of flat wave- 
form of lower voltage will jump across; and a voltage suddenly 
applied will rise to values much higher than those which with 
a slowly-applied voltage would be sufficient to jump across the 
spark-gap. 

A further interesting feature shown in Mr. Creighton's paper 
is the time-element of destruction. The usual insulating ma- 
terials wil stand puncture by voltages far beyond their 
disruptive strength, if the voltage 1s applied only a short time; 
but frequent puncture of this character ultimately leads to 
destruction. This is a rather serious problem when considering 
underground cables, as affected by switching and other methods 
of operation. We may imagine that the cable is perfectly safe, 
because it shows no puncture, no short-circuit results, while it 
may be punctured frequently апа be weakened by it. А single 
puncture, if due to a high-frequency oscillation; that is, a high 
electromotive force applied for a very short time, will not be 
followed by a short circuit or destruction, but a succession of 
such punctures will ultimately destroy the insulation. 
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One curious feature described in the papers in connection 
with the multigap arresters is the apparently enormous striking 
distances reached by moderate voltages. In the 33,000-volt 
arrester, over 600 gaps of у» in. each are usedinseries. Jj, in. 
between spheres, depending on the character of the sphere, re- 
quires somewhere between 1,000 and 3,000 volts. Assuming 
1,500 volts per gap, 600 gaps would require 900,000 volts, and 
yet 60,000 volts at high frequency will jump across the whole 
system of 600 gaps. Here is a system of spark-gaps which is 
selective for the frequency; that 1s, which requires at very high 
frequency a very much lower voltage to discharge than at low 
frequency. It 15 discriminating, somewhat similar to the con- 
denser. A condenser also takes a larger current at higher 
frequency, but the difference between the condenser taking care 
of the high-frequency discharges and the multigap is that beyond 
the voltage limit the condenser punctures and may be destroyed, 
and the multigap jumps across, discharges, and then recuperates 
again, provided the dynamic current which follows the discharge 
does not hold long enough to result in a conflagration. To 
avoid the latter requires the use of a large enough number of 
gaps in series. 

This selective feature or discriminating action is very inter- 
esting, and has a bearing far beyond the mere lightning-arrester, 
because I believe it is the same phenomenon by which a lightning 
flash may pass through distances of miles without requiring a 
voltage anywhere near what you would expect from the striking- 
distance curve, extended to distances of some miles. If we sav 
it requires 10,000 volts per inch, then a lightning flash of one 
mile in length should require about 600 million volts. It is not 
probable that this is the case, and I believe the phenomenon of 
the lightning flashes is of the same character as that observed 
on the multigap arrester: a successive series of discharges, from 
point to point, from electrostatically charged rain-particle to 
rain-particle, the capacity of the successive particles producing 
a very high-frequency oscillation, and so resulting in a successive 
breakdown. 

The selective action of the multigap lightning-arrester, regard- 
ing frequency, may be illustrated by the diagrams Fig. 1 to 3. 
Assuming a series of gaps, on one side connected with the ground 
G, or potential zero, on the other side connected to the line L; that 
is, to a point which is at an alternating voltage. At a verv low 
frequency or a steadv applied voltage, the potential distribution 
from line L to ground G across the arrester would be a straight 
line, 1 of Fig. 3. 

If then E = impressed voltage between line L and ground C, 


п = number of gaps in series, the voltage per gap is P and if 
Ia 
PEL greater than the voltage required to break down a gap, or 


the disruptive voltage per gap, the arrester discharges. Or in- 
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versely, if e = disruptive voltage per gap, E = ne is the mini- 
mum voltage at which the arrester discharges. Or, with 1,500 
volts per gap, in a 33,000-volt circuit, 33 gaps in series gives a 
discharge voltage of 33X 1,500 = 49,500 volts, or 50% above 
line voltage, at low frequency or steady stress; that is, under 


Fig. 1 


QOOCOO@@OO000G 


Fig. 3 


SS 


conditions where the capacity. of the arrester cylinders is neg- 
ligible. 

Entirely different, however, are the conditions at very high 
frequency, where the effect of the capacity of the arrester cylin- 
ders is noticeable. The cylinders of the multigap arrester have 
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a capacity against each other, and a capacity against ground. 
The arrester also has an inductance, appreciable at very high 
frequency, and a resistance that is appreciable even without the 
use of any series resistance in the arrester circuit, since at very 
high frequency the current does not penetrate into the metal 
of the cylinders, but passes only through a thin surface film, of 
a depth of about a thousandth of an inch at 10 million cycles. 

The multigap lightning-arrester thus represents a circuit having 
distributed resistance, inductance, and capacity, differing from 
a transmission line by having distributed capacity of two kinds: 
series capacity, the capacity between adjacent cylinders; and 
shunted capacity, the capacity of the cylinders against ground, 
while the transmission line contains only the latter form of 
capacity. 

Diagramrnatically, the multigap arrester, Fig. 1, can be rep- 
resented by a circuit as shown in Fig. 2. Each arrester cylinder 
absorbs a charging current, which is proportional to the frequency 
and to the potential difference of the cylinder against ground. 
If, therefore, curve II Fig. 3, represents the distribution of 
potential, against ground, along the arrester, the same curve I I 
also represents the charging currents of the successive arrester 
cylinders. 

The charging currents against ground, of all the cylinders 
from q to the ground Figs. 1, 2, must pass the gap between the 
adjacent cylinders p and q; that is, the charging current of the 
condenser represented by two adjacent cylinders р and q, there- 
fore is the sum of all the charging currents from q to ground, or, 
in Fig. 3, proportional to the area, between q and G, of curve I I, 
and represented by curve I II. The potential difference be- 
tween adjacent cylinders p and q is proportional to the charging 
current between these cylinders, hence also represented by 
curve I II, and the potential difference of cylinder p against 
ground C, or curve I I, then, is the sum of all the potential 
differences between adjacent cylinders, from p to G; that is, 
proportional to the area of curve I I I, from p to С. 

This gives a curve of potential difference against. ground, 77, 
which 15 verv steep near the line L, flat near the ground С. If the 
potential а: егепсе against ground were a straight line J, as at 
low frequency, the charging currents, against ground, of the 
cvlinders would be proportional to their distance u from ground 
G, and the potential difference between adjacent cylinders 
(curve II), proportional to и?; hence the potential difference 
against ground, or the sum of successive potential differences 
between cylinders, proportional to и?; that is, strongly curved. 
Starting, then, with a curved line of potential distribution 
against ground, means that this potential distribution varies 
with a higher power than the cube.* 


*The curve of potential distribution is an exponential, and its deriva- 
tion is given in tke Appendix. 


1906.] DISCUSSION AT MILWAUKEE. 639 


It follows herefrom that with the same impressed electromotive 
force E between line L and ground G, the curve of potential 
distribution is very much steeper at the line side, at frequencies 
where capacity effects are appreciable, J I, than at low frequency 
or steady stress, /; and the potential gradient or the potential 
difference between adjacent cylinders is very much higher in the 
former case. Inversely, the same limiting potential gradient, 
the breakdown voltage between adjacent cylinders at very high 
frequency, is reached at very much lower voltage than at low 
frequency. Hence a much larger number of cylinders can be 
used at very high frequency, and still the discharges take place 
freely at a voltage far lower than the voltage which at low fre- 
quency would be sufficient to discharge across a far lesser num- 
ber of gaps. 

At high-frequency impressed voltage, as soon as the break- 
down voltage is reached at the first gap on the line side, this gap 
discharges and so puts line potential on the second gap; this 
breaks down, and thus successively the discharge passes from 
the line over gap after gap, either to ground or, if not sufficiently 
powerful, gradually tapers out, just as frequently observed on 
lightning flashes between clouds. At the end of the half-wave 
of machine electromotive force of low frequency the arcs between 
successive cylinders extinguish, and can not start at the next 
half-wave, due to the rectifying character, or undirectional con- 
ductivity, of a low-temperature metal arc. The interesting 
result then follows, that even with an infinite number of gaps 
from line to ground, the potential difference between adjacent 
cylinders near the line terminals is finite; and so at the definite 
impressed voltage, a discharge takes place into an arrester con- 
sisting of an infinite number of gaps. 

It also follows, as the effect of the capacity against ground, 
that if a large number of cylinders are connected between two 
lines a and b, with the middle point of the cylinders c grounded, 
and the ground c then disconnected and point b grounded, the 
potential gradient along the cylinders is entirely changed, be- 
comes practically zero at b, and more than twice its former value 
at a, and so a discharge takes place from a to b, with the ground 
on b, while no discharge occurs with the ground on c, although 
in the discharge circuit from line a over arrester to line b no 
apparent change takes place. This explains the flashing-over 
of lightning-arresters, which frequently takes place when one 
line grounds, without any increase of potential difference be- 
tween the lines. 

The multigap lightning-arrester so discriminates in favor of 
high frequencies, that very high-frequency oscillations discharge 
at a voltage far lower than the normal low-frequency line voltage, 
over such a large number of gaps, that even without, or with 
practically no series resistance, the low-frequency line voltage 
can not maintain an arc across the gaps, and so no need exists, 
by the use of high series resistance to assist the arc-rupturing 
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power of the gaps, at a sacrifice of discharge capacity. The 
danger of producing an oscillation by the low-resistance dis- 
charge, seems obviated by the non-arcing character of the short 
metal gaps, which rupture the circuit at the 7ero value of current ; 
that 1s, on the principle of the arc rectifier do not permit a reverse 
current to start. 

With a very large number of gaps, of a total length several 
times greater than the striking distance of the low-frequency 
line voltage, the mere multigap offers little protection against 
a steady electrostatic stress or a low-frequency voltage. It is 
therefore necessary to shunt a very large number of gaps with 
a moderately high resistance, leaving unshunted only sufficient 
gaps to hold back the line voltage. That is, with a disruptive 
voltage of e per gap, and an impressed voltage E on the line, 


allowing 50% margin, gaps would remain unshunted, to 
take care of low-frequency and steady stress, while the remaining 
gaps become active at high-frequency oscillations. 

Naturally, even such a lightning-arrester cannot completely 
protect the system from low-frequency high-power surges, such, 
for instance, as occurred when the boy threw the umbrella into 
the lines. I do not think we have any certain means of protec- 
tion against this sort of thing. They are oscillations of such 
low frequency that no reactive-coil could take careof them. With 
voltages infinitely high, currents of the magnitude of the short- 
circuit current of the system, the only possible way seems to 
short-circuit the system by a dead metallic short circuit. Then 
the oscillation will disappear; but that means a shutdown. Ido 
not wish to be misunderstood; I do not mean to say that a short- 
circuiting arc on a long-distance transmission system alwavs 
results in a destructive low-frequency surge; on the contrary, 
most short circuits are probably relativelv harmless, but occa- 
sionally a short circuit by a flaring arc results in a low-frequency 
surge, which makes up in destructiveness for the harmlessness 
of manv short circuits which may have preceded it. 

P. H. Thomas: Perhaps the most interesting subject sug- 
gested for discussion is the question of shunt resistance in light- 
ning-arresters, and I shall take a few minutes to tell something of 
some experiments I have made in connection with such appar- 
atus, which mav throw additional light on its action. 

The original idea is of quite an old date. The question 15 
how, by the use of shunt resistances, to extinguish the dynamic 
arc which follows through a lightning-arrester after its discharge. 
A study of the non-arcing power of a multigap arrester, as ex- 
plained in the second paper, shows that an individual gap seems 
to have a certain definite power of extinguishing an arc; in other 
words, that an arc involving a certain amount of energy or 
current will be suppressed at the end of the first alternation, 
or at the end of two or three alternations, while, with a larger 
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amount of energy, the arc will so heat the cylinder or otherwise 
affect it that the arc will continue. 

In studying this phenomena, I found certain laws governing 
the non-arcing power. These results showed that the non- 
arcing power is very much reduced in circuits of large power; 
therefore, to insure that the worst conditions should be observed, 
experiments were made in a number of places, including Niagara 
Falls, where work was done on two of the 5000-h.p. generators 
parallel, showing there was ample capacity behind the circuits 
to give us the worst conditions we could expect to reach in 
practice. 

The laws can be tabulated roughly as follows: if we plot as 
ordinates the number of gaps that are just non-arcing on a 
definite circuit, and as abscisse the current through the gaps, 
we get a series of curves rising with increasing currents, each 
curve corresponding to a different inductance in the circuit 
(see Fig. 1). The important elements being the current and the to- 
talinductance of the circuit. The actual current which flows 
through an arrester in any given case depends only slightly on the 
characteristics of the arrester, but mainly on rest of the circuit; 
that is, the power of the generator, ground resistance, the imped- 
ance in the line, and field reaction, etc. 

I think the most feasible way to get at the non-arcing power 
of a given arrester is to calculate the short-circuit current in 
the system to which it is connected, and determine the total 
inductance. We can then determine the non-arcing power 
of the arrester from the curves alone. I do not remember the 
exact values, but an increase in the inductance in the circuit 
greatly decreases the non-arcing power of an arrester, so that 
it may sometimes be more difficult to extinguish a highly induc- 
tive arc of small current strength than a non-inductive arc of 
much greater volume. Fortunately, in actual installations 
there is comparatively little inductance in circuit, but with small 
generators, especially old-fashioned generators with polar ar- 
mature, or in cases where the short-circuit occurs through 
a long line, that inductance may be an important factor. So 
much for the non-arcing power of the gaps. 

The increasing of non-arcing power by the use of shunt resist- 
ance is now easily controlled. When a resistance shunts a num- 
ber of gaps, the arc will leave the gaps for the resistance, provided 
the ohms per gap are of the proper value. What deter- 
mines the critical ohms per gap 1s the current strength in the 
gaps which are shunted. The relation of current in gaps to 
critical ohms per gap can be well shown in a curve. The curve 
is shown in Fig. 2. It is evident from the curve that on small 
currents the shunt resistance is very effective, but with large 
currents in the gaps the shunt resistance has little value. 

In designing an arrester to meet all conditions, using shunt 
resistance, we must so proportion the arrester that the 
current on short circuit, that is, on the discharge of the 
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arrester, will not exceed a certain amount, which amount will 
allow of effective use of shunt resistance. We find on large 
systems that this amount is greatly exceeded if there is no limit- 
ing series resistance. That is, on a circuit like that at Niagara 
Falls, the shunt resistance would be of comparatively no value if 
we allowed a complete short circuit on the system through the 
arrester. 

The introduction of the series resistance gives a definite 
limited. short circuit current, and taking into account the 
greatest possible inductance in circuit and the number of 
gaps necessary to hold the normal voltage, a suitable num- 
ber of series gaps can be chosen, which will be able in all the 
cases assumed to suppress the arc. Now the current in the 
gap being known, it is possible to determine the maximum num- 
ber of ohms per gap that can be used to withdraw current from 
a portion of the gaps caled shunted gaps. Then a suitable 
number of shunt resistances can be connected aroun-1 an appro- 
priate portion of the series gaps, thus convertingthis part (which 
may sometimes be the whole) into shunted gaps. By this 
method the maximum effectiveness of shunt resistance тау be 
obtained. This matter was discussed in a paper at the Great 
Barrington meeting of the INSTITUTE in 1902. 

Mr. Osgood's paper is very much worth while. He has care- 
fully and frankly given us the facts, and added materially to the 
definite knowledge of the way things happen. If other engineers 
having similar information will do the same thing, it will not 
be long before we shall be able correctlv to determine the effec- 
tiveness of different types of arresters. Theimportant inference to 
draw is just what dothe results sofarshow. There are two points 
to consider; the non-arcing power of the arresters, and their 
protective power. Mr. Osgood states the non-arcing power of 
his arresters is not satisfactory yet. He expects this year, with 
the shunt resistance, that they will be, and we shall all look with 
a great deal of interest to learn the result of this season's light- 
ning. 

Mr. Osgood finds a great gain in protection obtained by the 
elimination of the original series resistance, but it should be 
noted that the series resistance which was eliminated was of a 
very high ohmic value, each rod having 250 ohms, and some 
32 rods, giving 8000 ohms, in the ground connection. Although 
the elimination of this resistance may have been found dis- 
tinctly beneficial, it does not prove that a much lower series 
resistance, such as will be chosen bv the method of design de- 
scribed above, will have a harmful effect. 

The second paper is a very admirable exposition. of some 
of the precautions that vou have to take in experimenting in 
a laboratory in connection with the lightning arrester study. 
There is nothing so easv as to be misled and mistaken in this 
sort of work, so as Mr. Wirt says, it is important to check up 
very carefully from the outside investigation.. I believe, how- 
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ever, that laboratory work is important. But we must use a 
great deal of common sense and care in inferring what results 
will be produced on a transmission line where we have what are 
numerically very different conditions. For instance, we never 
have the small manifestations which give extremely high fre- 
quency discharges. You cannot, with any considerable amount 
of energy—enough energy to do any harm—get an oscillations as 
rapid as a billion per second. I think it would be safe to rule 
out from our tests, as to final judgment on arresters, any of the 
extremely high-frequency tests. 

I would like to ask Mr. Creighton how the time period of 200 
microseconds given as the time necessary for ionization to become 
effective was measured or determined? 

E. E. F. Creighton: Curve 3-B represents the discharge of 
the condenser through the resistance. The static machine vol- 
tage was 150 kilovolts. Now, from the static machine gapG short 
circuits, we may assume that the 150 kilovolts appears at the 
terminals of the larger resistance and also at the terminals of 
the needle gap О. If Q is set on 150 kilovolts it will not spark. 
It is necessary to set Q onas low as 65 kilovolts before it begins 
to spark. I have assumed that the time taken for the voltage 
to drop from 150 kilovolts to 65 kilovolts on the discharge curve 
3-B, is the time necessary to ionize the gap Q and make it con- 
ductive. 

P.H.Thomas: Have you made any careful study theoretically 
to find out whether these apparent voltage differences are not 
due to the different methods of generating or measuring voltage 
rather than to a true time lag i in ionization? The evidence is 
not very clear, is it? 

E. E. F. Creighton: The evidence is very great in favor of 
this, in that we have been able to observe it in some ways that I 
cannot describe at the present time. 

P.H.Thomas: Mr. Wirt says that the pulling off of the ground 
connection on the three-phase line caused the rise of potential. 
Was it the pulling off of the ground, the throwing on of the 
ground, or was it a continuous rise? 

H.C. Wirt: It was the pulling off, starting an arc over the 
line. 

P. H. Thomas: I would like to suggest an explanation for 
that action, which I have suggested before, and which is really 
of considerable importance, if it is the true one. Suppose we 
have a transmission line raising; transformers and a generator. 
In disconnecting’the line when unloaded by opening the switch 
we shall usually leave the line charged to maximum potential, 
since the charging current will open at its о point when the vol- 
tage 15 а maximum. Consequently at the end of one alternation 
we have double the potential to ground impressed between the two 
switch-jaws which are in the process of opening. Therefore we 
may get a recharging of the line, but at double potential, which will 
cause violent oscillation and a certain rise of potential at reflecting 
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point sufficient to cause arresters to discharge. This result 
may occur a number of times in pulling off and charging current. 
Those who have handled high-tension lines know the sound you 
get from such an arc, a sharp cracking, indicating that there 
15 a serious static discharge. 

Н. С. Wirt: The same effect has occurred without any line 
at all, just at the transformer itself. 

P. H. Thomas: You have capacity in the transformer? 

H.C. Wirt: Yes. 

P. Н. Thomas: Here is a possible explanation of the blowing 
of primary fuses in lightning storms, with no apparent damage 
to the apparatus. As а result of the local concentration of po- 
tential near t e terminals of a transformer, lightning may cause 
a spark between neighboring parts, which starts a flow of current 
cut out by the blowing of the fuse. The injury would often be 
so slight as to be readily repaired by the insulating oil of the 
transformer. 

E. E. F. Creighton: The first requisite in laboratory tests is to 
have sufficient power to puncture the insulation. With three 
million cycles per second (calculated), we have punctured five 
thicknesses of 0.1-in. press-board, jumped 12 in. across а needle- 
gap, and jumped 18 in. on the surface around the insulation. 
It seems to me that this is sufficient to prove there is a charge 
that can damage the insulation. I think we sometimes get a 
frequency of three million on the line. 

Dr. Steinmetz has shown mathematically that the natural 
frequency of a line may be as low as a few hundred cycles, but 
the line may oscillate electrically in segments. Furthermore, 
there are local circuits of low inductance and capacity. Oliver 
J. Lodge has estimated the frequency of certain lightning strokes 
at one million per second. It seems to me if such a stroke took 
place near the station this frequency would be transmitted 
directly to the apparatus; if,on the other hand, it took place far 
out on the line, the high frequency would be superposed on the 
lower frequency of the line surge. When the frequency ap- 
proaches a billion per second, such as found in the multigap 
arrester, then the quantity of electricity involved seems to be 
too small to damage insulation when the time of application is 
short. 

P. H. Thomas: Mr. Creighton apparently infers from the 
amplification of the harmonics of the current wave to the con- 
densers, as shown in Fig. P and that a corresponding voltage 
increase must follow. This conclusion is erroneous, for this 
current 1s determined by the wave-form of the generator and the 
capacity of the condenser. If the current resulted from a con- 
dition of resonance, there would evidently be a correspondingly 
high potential; but asin this case the current is determined pri- 
marily by the generator voltage and the capacity without regard 
to the value of any inductance that may happen to be included 
in the circuit, there will be no corresponding rise of potential. 
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J. B. Taylor: Mr. Creighton states fairly well the position 
of the man who attempts to build a successful lightning-arrester: 
he is between the devil and the deep sea. It is commonly said 
that “ lightning never strikes twice in the same place," and the 
saying shows the difficulty of getting accurate data as to which 
type of arrester is better than another. Mr. Osgood's experience 
might lead him to dispute the old saying, as 56 interruptions 
in one season show that lightning does strike twice in the same 
place. 

The proverb should be, “ lightning never strikes twice in 
exactly the same manner." Consequently, it is not right to 
take data from one circuit in one part of the country, operating 
at a certain frequency, with a certain voltage, a certain type 
of transformer and a certain type of arrester, and conclude that 
this arrester is better than another type of arrester, because 
fewer transformers broke down than on a system with the other 
type of arrester, in another part of the country, operating at 
a different frequency, different voltage, with different trans- 
formers—with perhaps all the essential features varying. 

The laboratory tests, of course, show the direction in which 
to look for data in the outside work. While such tests alone 
are not likely to produce a successful arrester they should not 
be discouraged. The best plan is to establish a laboratory in 
a sub-station of a transmission system in regular operation. 

Mr. Thomas takes issue with Mr. Creighton on his point that 
the irregular current wave shown in oscillogram, Fig. P, is 
evidence of increased e.m.f. due to grounding one terminal. 
I agree with Mr. Thomas that this is virtually nothing more than 
wave of current in a condenser, the e.m.f. wave, as is almost 
always the case, departing from a perfect sine wave. It is 
almost impossible to get any wave of potential which, impressed 
on a condenser, will not show all kinds of ripples in the current 
wave. | 

Fig. 1 shows a fairly smooth wave, and yet put it on a con- 
denser and there is no telling what the current wave will be. 
For example, at the point a on the e.m.f. wave there may be an 
irregularity too small to be noticeable, but yet sufficiently steep 
to cause a large rush of current as shown at a’ on the current 
wave. In other words, the flow of the current in the condenser 
is entirely dependent on the rate of change of e.m.f. at its ter- 
minals. The arcing ground, however, is quite another matter, 
as here a number of secondary actions come into play. In 
effect we have a wireless telegraph transmitter sending along 
waves of abnormally high frequency, which in turn may give ab- 
normal difference of potential in parts of the circuit. 

For the same reason I think the data quoted to show that in 
many cases there 15 a high potential between line and line are 
open to question. If this potential were in all cases measured 
by a simple spark-gap, it might be fair evidence. Most of the 
evidence to show that there 1s high potential between line and 
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line is a discharge over a complicated system of condensers; 
namely, the cylinders of a lightning-arrester. 

The evidence to show that there is abnormal potential between 
line and line is, that under some circumstances, the arc held 
across this path, without arcing to ground. Dr. Steinmetz has 
illustrated the complicated system of condensers, and at abnor- 
mally high frequency these condensers are charged in succession. 
This charging of cylinders may occur on two phases of the arres- 
ter; that 1s, the gaps may be broken down on two lines to the 
cross connection, or enough may be broken so that the normal 
line potential is able to break down what is left. Consequently, 
we get a discharge from line to line. To my mind we have 
better evidence of abnormal frequency than abnormal potential. 

A remaining point I wish to make is the matter of measuring 
potential by means of a needle-gap. Mr. Creighton shows curves 
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which indicate that quite different results are obtained in cases 
where one side of the system is grounded, and this should always 
be borne carefully in mind in making high-potential tests in 
which the needle-gap 1s used to determine potential value. The 
distribution of potential over the system 1s different when one 
side is grounded, or the middle is grounded, or no point at all 
is grounded. (In the last case what should be the neutral point 
may be far from ground potential). Failure to determine a 
definite point of the test system at earth potential is responsible 
for much of the discrepancy in spark-gap curves given by differ- 
ent observers. Of course the wave form comes in, and manv 
other things, but often no attention is paid to earth potential, 
although conductors and non-conductors at this potential, are 
on all sides—walls, floor, ceiling, tables, the observer, and even 
the air itself. 

The breaking down point of an air-gap 1s largely affected by 
the distribution of potential in and near the gap. Consequently 
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proximity of bodies at earth potential will cause one distribution 
if one of the needle-points is grounded and another distribution 
if the ground is somewhere else. With needle-points in air a 
given em.f. between needles will break down a longer gap if 
one side of the system is grounded. This is doubtless due to the 
longer brush discharge from the opposite needle under these 
conditions, the brush being probably a forerunner of the com- 
plete breakdown. 


ШШ 


ШШ 
MU ANA 


Fic. 2. 


Fig. 2 shows a shielded spark-gap. А metal cylinder or screen 
surrounds the needle points, and this screen is connected to one 
of the needles. With such a piece of apparatus, any part or 
the system may be at earth potential, and vet have little effect 
on the distribution of potential around the points so that the 
conditions will be fairly constant. The use of such a device will 
eliminate some of the discrepancies and unexplained points in 
connection with high-potential measurements by means of needle- 
point spark-gap. 

N. J. Neall: As some of the gentlemen present will recall, in 
a paper which I presented at a meeting of the INsTITUTE last fall, 
I described the operation of tell-tale papers. To-day we have 
further evidence along the same line. We have, moreover, 
evidence that a laboratory test is feasible, although it 15 not 
conclusive; and I think this fact must be borne in mind, that 
if you are testing any device for relative freedom of discharge, 
or what not, all the devices must be subjected to the same test, 
under the same conditions, and at the same time. It 1s not fair 
to say that A's apparatus here is the same as B's apparatus 
there, unless they are subjected to the same test. 

The real criterion of the best practice to-day depends on two 
characteristics; large current, and large voltage. Another con- 
dition which is of the greatest importance to transmission to-day, 
is protective apparatus suitable for 50,000 volts and higher. 
Designers are not disturbed by a 25,000-volt or a 6,600-volt propo- 
sition. It is in the 50,000-volt plant that you find people hunt- 
ing for new devices to take care of these disturbances, which the 
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standard protective apparatus does not seem capable of taking 
care of. I do not believe that these tests developed under the 
auspices of the Westinghouse Elec. & Mfg. Co. or the General 
Electric Company are suitable for demonstrating the applica- 
bihty of 50,000-volt apparatus. 

Such a requirement on lightning-arresters or other protective 
apparatus in the laboratory is just as difficult as the point which 
Dr. Steinmetz brought out yesterday of heat tests of large 
capacity alternators. In the latter case it is absolutely essen- 
tial; in the other case there .аге other ways of going about it 
which I think are entirely feasible. The one method which 
should be developed more and more is the testing in practice, 
and segregating if possible, such elements of disturbance ex- 
ternal from those which are inherent in the system, as тау be 
done, and distinguishing how far protective apparatus is capable 
of taking care of the real disturbances it is put up to meet. So 
I think that if it were possible to have a large line with protective 
apparatus installed on it, and equip it with tell-tale papers and 
spark-gaps, and have the test extend over a long time, that we 
would have in practice a pretty close approximation after four 
or five years as to what the particular apparatus is good for. 

This leads me to speak of another point which has been under 
discussion. You all know that the horn type of arrester has 
a great many admirers who, unfortunately, have not yet demon- 
strated conclusively that it is suitable for what it is intended. 
It has also been stated by Dr. Gustav Benischke of Germany 
that in tests which he has made (and he has also quoted tests 
by Slaby), comparing the action of the horn lightning-arrester with 
that of the multigap lightning-arresters that the multigap might 
give rise, by reason of resonance, to worse conditions than those 
that caused them to operate originally, while the horn gap does 
not. I would ask Mr. Creighton if in his tests he has made any 
oscillograph determinations to show this fact, or whether he has 
been able to disprove the statement of Dr. Benischke. 

A point was brought out by Dr. Steinmetz this morning, which 
I think is one worthy of notice, and that is a new test which may 
be suitable for cable insulation tests—it is not an uncommon 
thing for cables to break down, which in the laboratory have 
stood the normal tests, even double potential, and in so far as 
my remembrance of such occurrences goes, the majority take 
place at the time of a short circuit (and yet these short circuits 
are apparently not of such tremendous quantities that they 
would destroy the apparatus if the line had been of standard 
overhead construction throughout), or with switching, but less 
so, Which show that they are simultaneous with what is presum- 
ably high-frequency phenomena. Therefore I think that it would 
not be an unreasonable demand on cable manu'acturers to 
require of them an equivalent gap test ofthe cable (or bv sample) 
which thev are providing, and give it Just as much importance 
as the double-potential test. 
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P. M. Lincoln: It seems to me that the things which the 
lightning-arrester is expected to do can, with a fair degree of ac- 
curacy, be divided into three distinct functions. First, thereis an 
endeavor to provide apparatus which will prevent the high- 
potential discharge which gets on the line in some manner from 
getting into the apparatus. This is done by placing a choke- 
coil between the line and apparatus to be protected. It is almost 
universally admitted that the choke-coil as at present used is 
a successful piece of apparatus for doing this. I believe that 
theory and practice alike unite in pointing to this fact, that the 
choke-coil does prevent to a very large degree these high poten- 
tial discharge waves from getting into the apparatus, both by 
suppressing them, flattening them out, and reducing the abrupt- 
ness of the wave front. The second thing the lightning-arrester 
engineer is trying to do is to provide a path by which the high- 
potential discharge can escape. The air-gap which is univer- 
sally used for this purpose is an entirely successful device. It 
is merely the provision in the line of a place of considerably 
lower insulation than the normal insulation, so that the high po- 
tential coming to that point will discharge at that point. The 
third thing he is trying to do is to provide apparatus to pre- 
vent the dynamo current from flowing over these gaps. That is 
the most difficult thing he has to do in high-tension appar- 
atus. I believe that the engineer who attacks that problem, 
and solves it, undoubtedly has a successful lightning-arrester. 
That is the point on which the energies of the engineer should 
be concentrated. 

Charles F. Scott: I wish to emphasize the value of papers 
of this character to the INSTITUTE, and also to refer to the rela- 
tion between the subject-matter presented in the papers to-day 
and that which has appeared formerly. Nearly all of the papers 
and discussion of the last few hours have been based on non- 
arcing metal. To those who are younger among us, who are not 
familiar with the history of non-arcing metal, I would say that 
the discovery and the original work in connection with non- 
arcing metal was done by Mr. A. J. Wurts. His own account 
of his work will be found in early INSTITUTE papers, and апу one 
interested in the subject should refer back to these papers. 
It is quite interesting now, after these new investigations 
to note that the best result shows only some five per cent. 
or ten per cent. improvement in the character of the metal. 
Another point Mr. Wurts foresaw and discussed was the effect 
of resistance in the discharge circuit. A year or two after Mr. 
Wurts' first work on the problem, Mr. Henry Noel Potter began 
investigations in regard to non-arcing metal, and did some 
important laboratory work. He placed an inductance in series 
with several gaps and sought to measure the voltage across one 
gap during the time the current was flowing. He measured 
across one of the gaps, and immediately the whole current dis- 
appeared; that is, the voltmeter was a shunt resistance across 
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а portion of the gaps. That arrangement corresponds to the 
type of arrester which we are discussing to-day. This principle 
was employed in the early types of switches at Niagara Falls. 
Later types of switches have come in to displace this early form, 
but the non-arcing metal gaps with shunt resistance solved the 
very difficult problem presented a dozen years ago of developing 
a switch to handle 2,400 volts at 1,000 amperes. 

The non-arcing arresters without resistance held their own 
for many years, but finally there were reports of their inade- 
quacy; they were short-circuited and did not interrupt the 
current. It was found that cases of this kind were apt to be 
coincident with larger generators, generators of good regulating 
features, which would allow a very large current to flow to the 
arrester. It was thought best to have recourse to Mr. Potter's 
plan of putting a shunt around some of the gaps. Mr. Thomas 
was working on this problem, and I remember some years ago 
I asked him to determine the resistance necessary for the shunt, 
so that it could be applied. I expected a report on the second 
or third day, but he was very slow in making his report, and 
after three or four months he gave me a part report, and for a 
year or so he was working on the problem to secure more data. 
When he sought to determine the proper shunt resistance he 
found that the problem was not a simple one, and that there was 
a necessity for series resistances. This lead to the whole line 
of work which he has indicated to-day 

Speaking of the practical service of lightning-arresters, the 
low-equivalent arrester, which is the outcome of Mr. Thomas 
work, has been a commercial article for a number of years. I 
took occasion to make inquiry a few days ago of our engineering 
department as to the general success of this apparatus. Hun- 
dreds have been installed, and I find that the number of com- 
plaints, due either to damage to arrester itself or to inefficient 
protection, are comparatively few, of the order of one to three 
per cent.; there was some defect here and some little trouble 
there, but on the whole there has been a very satisfactory 
result. 

Mr. Steinmetz savs that the first thing to do is to lav out a 
proper route for a line; that 1s excellent and sounds well in the 
meeting here, but under actual conditions that advice will often 
fall short. I recall one line with which I am more or less familiar; 
it runs across a mountain range and then crosses a valley some 
eight or ten miles in width. The troubles come in the valley, 
because in crossing the mountains the line does not go across 
the highest peaks, but through passes, so that the line there 
is well protected bv the higher peaks; but 1n the vallev through 
which the storms sweep it 1s out of the question to avoid the 
effects of lightning. and it would require a. detour of a hundred 
miles to avoid the vallev. 

Mr. Steinmetz has shown that a series of non-arcing metal 
cvlinders arranged in line so as to give a large number of gaps 
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between the circuit and the earth 15 really a complex form о 
condenser in which there is capacity between adjacent cylinders 
and between each cylinder andthe earth. From this elementary 
form it is seen that the static stress across the gaps near the 
circuit is greater than that across the gaps near the earth. In 
practice the relations are often not of so simple a character. 
The cylinders and gaps are not placed in a straight line and the 
arresters between the several wires and the earth are often not 
far removed from one another. There 15, therefore, a capacity 
effect from certain cylinders of an arrester to various other 
cylinders in the same arrester, as well as to the arresters and 
other parts connected with the other wires of the circuit. The 
tendency to discharge between cylinders, particularly those near 
the line, is therefore affected by the disposition of the other parts 
of that arrester and of the other arresters, so that the critical 
voltage for breakdown across an arrester is a function not only 
of the number of gaps but also of their position with respect to 
other parts of the circuit. This is, I believe, the explana- 
tion of some rather puzzling situations. In one case the 
number of arrester gaps required at one point on a circuit was 
many per cent. greater than the number required at another 
point. The arrangement of the arresters in the two cases was 
different, and this was doubtless the principal cause of the: dis- 
crepancy. 

Farley Osgood: Speaking as an operating engineer, I will sav 
that the only time of the year during which we fear for the service 
is during the season of lightning storms. All other difficulties 
we seem able to overcome quickly and more or less easily. The 
record of ourcompany shows that we have had a great number of 
interruptions due entirely to lightning, and that during a period of 
15 months, with one exception, we had no breakdown of anv 
apparatus whatever, other than that caused by lightning or its 
effects. I make this statement to bring before the engineers 
interested in the development of this apparatus the fact that 
it is the secret of the operating engineer's happiness. The 
operating engineer is held strictly to account for the number of 
interruptions, and his record is determined very largely by the 
number of interruptions which have occurred to the service 
during the year. He may be lucky and not have many; but it 
seems too bad that he must be held accountable for interruptions 
entirely beyond his control. 

The record of our company, I think, brings before the members 
of the INsTITUTE the fact that damage from lightning is really 
our chief trouble. If the designing and manufacturing enyi- 
neers are true to the ethics of their profession in the matter of 
. giving the best advice to everybody, they will make every pos- 
sible effort to become better acquainted with operating engi- 
neers, and instead of—not always, but quite often—forcing their 
ideas of apparatus upon the operating engineer, who sees only 
the practical end, they might listen to the suggestions of the 
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operating engineer based on his practical experience, and com- 
bine it with their own theoretical work. Then we will get more 
speedy results. Judged by the papers which have been pre- 
sented to-day this 1s coming about. I would like to ask Mr. 
Thomas, on account of the experiences which I related in my 
paper, which occurred during the year 1904, why the resistance 
in series with the gaps, the chief purpose of which is to limit 
the flow of the dynamic current, will not equally limit the flow 
of the static current. 

P. H. Thomas: Briefly, in answer to the question of Mr. 
Osgood, it is true that the current of a static discharge, as well 
as the current from a generator, cause a potential upon a series 
resistance. Our only safety is in the possibility that the product 
of the amperes of the static discharge by the ohms in resistance 
shall not exceed the voltage which the insulation of the line and 
apparatus can withstand. This question can be determined 
only by experience on actual plants. As far as our experience 
goes, with such low values of series resistance as are used in the 
low-equivalent arrester as Mr. Scott has already stated, appar- 
ently we are on the safe side. I would make a possible excep- 
tion of 50,000-volt and other very high-voltage plants. 

H.C. Wirt: What is the resistance ordinarily used on an 
ordinary low-equivalent arrester? 

P. H. Thomas: It depends on the voltage, and runs down to 
a few ohms on lower voltage; amounts less than a thousand 
on the highest voltages, if I remember correctly. 

H.C. Wirt: I am sorry to say that my data on the low- 
equivalent type showed that at times they have failed, and it 
is for that reason I advocated trying the arrester without any 
resistance. I have also seen arresters of the same general type 
made with series resistance alone which have failed to protect. 
I think, therefore, the data which have been secured would seem 
to indicate that a very large number of cylinders in series, prop- 
erly proportioned, will protect the system. I believe it 1s better 
to have a few short circuits in the arresters which did not at 
that time burn out the apparatus, than it is to put in series 
resistance without shunted gaps and throw the high-voltage 
effects into the apparatus. 

E. E. Е. Creighton: I think the answer to Mr. Neall's ques- 
tion can be stated briefly: the oscillograph is very limited 
in the frequencv that it can measure. A few years ago 
I assisted M. Andraé Blondel in the development of the oscillo- 
graph. We reached 53,000 vibrations per second as a limit for 
the natural frequency of the oscillator. Damaging effects can 
be produced with frequencies greater than that. If the surge 
oscillations are as great as 50.000 per second, they can not be 
measured by the oscillograph. 
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THEORETICAL INVESTIGATION OF CiRcuiT CONTAINING Dis- 
TRIBUTED INDUCTANCE, SERIES CAPACITY, AND SHUNT 
CAPACITY, APPLIED TO THE MULTIGAP LIGHTNING-AR- 
RESTER. 


C. P. Steinmetz (by letter): Let, in a circuit containing dis- 
tributed resistance, conductance, inductance, shunt and series 
capacity, as the multigap lightning-arrester Fig. 1, represented 
electrically as circuit in Fig. 2, 

— effective resistance per unit length of circuit, or per 
circuit element, that is per arrester cylinder. 

g = shunt-conductance per unit length, representing leakage, 
brush discharge, electrical radiation, etc. 

L — inductance per unit length of circuit. 

C — series capacity per unit length of circuit, or circuit ele- 
ment, that is capacity between adjacent arrester cylinders. 

C, = shunt capacity per unit length of circuit, or circuit 
element, that is, capacity between arrester cylinder and ground. 

If then: | 

N = frequency of impressed e.m.f., 


it 1s: 
Series impedance, per unit length of circuit: 
Z=r—j(x—k) (1) 
Shunt admittance, per unit length of circuit: 
Yo=g—7) (2) 
where: 
= 2 NA 
1 
"= тС 9) 
b=2xNC, 


or, absolute: 
2 = ee, 
YHV e+ DF (4) 
If the distance along the circuit, from line L towards ground 
©, is denoted by и, 
the potential difference between point и and ground by: Е, 


the current at point и by: I, 
the differential equations of the circuit are:! 


dE 


(9; iu ^! (5) 
dI 


1. Steinmetz, Alternating Current Phenomena, 3rd edition, pages 165 
to 181. 
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Differentiating (5) and substituting (6) therein, gives: 


DE. 
dw = YZE (7) 
Intergrated by: 
| ee A, РЕТ +4, cetan 1 (8) 
where: SERE E 
a-A/Yz-a-if | (9) 


= Và lyzt+gr—b(x—k)} ) 
B МЇ {yz—grtb (x—k)} 


Hence, substituting (10) in (8), and eliminating the imaginary 
exponents by the substitution of trigonometric functions: 
E = A ee“ (cos B uj sin B wu) + A,ete™ (cos 3 и — j sin ди) (11) 


It is, however, if: 
п = total length of circuit from line L to ground С, or total 
number of arrester cylinders between line and ground, for: 


и = n: Е = О (12) 


(10) 


and for: 
u =O: Е = е„= impressed e.m.f. (13) 


Substituting (12) and (13) into (11), gives: 
0 = A, e?" (cos 8 n+p sin 8 n) +A? є+а” (cos B п — j sin Bn) 


€, = AtA, 
hence: 
4 — А uM 
Та 7 etn (cos 2 g nj sin 2 n) i (14) 
A, = —A,e?" (cos 2 3 п+ј sin 2m) ) 
and: 


ps e" (cos 3 4 +] sin 3 и) — «079 (cos3(2 n—u) +j sin 8(2n-w)) 
1 — а" (cos 28 n+j sin 2 8 n) (15) 


the Potential Difference against Ground. 
From equation (5) follows, substituting (15) and (9): 


Current: 
1 = — \ td (€, €?" (cos 3 u +j sin 3 м) +270) (cos 3 (2 п-и) 
+ jsin 3 (2 n-)) | 16) 
Reduced to absolute terms, this gives: 
Potential Difference against ground: 


Ге 2ан 4 g-2a(2n-u) — 2 gan. cos 2 3 (п — и) 
~ FON 1р еа" — 27a" cos 2 8 п 


(17) 
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сл 


Current: 


jo TH Кыс Ja» +e- -2a( 2n- ee -2an cos cos 2 B (n „== и) 
чебен 2e? cos 2 8 n (18) 
and 


Potential Gradient, or Potential Difference between Adjacent 
Cylinders: 


| \ 2 1 +747 — 2 є 2ан cos 2 fn (19) 


For an infinite length of line: и = оо, that is, for a very large 
number of lightning arrester cylinders, where &?*"* is negligible, 
that is, in the case where the discharge passes from the line into 
the arrester, without reaching the ground, equations (17) (18) 
(19) simplify to: 


€ = e, c (20) 
1 = ео у gan (21) 
e'=e,k ue gian 
o Е . (22) 
that is, are simple exponential curves. 
Substituting (4) and (3) in (21) and (22) gives: 
4 | ine ы C00 0c Y X 
2 & 
е! = e, c7" А Ce T (5 £x) (23) 
C {|1 (2z NPCLPE(2z NC ry 
?2—2zNCe! (24) 
or, approximately, if r and g are negligable: 
== "m 
QR Екы V ne UU „з 
| Хатта (25) 
= 2xNe,¢* M с, _ 
: Мессӣ (26) 


Assuming, as instance: 
L = 2х10% henry, 


C,= 10°" farads, 

С = 4x10"! farads, 

r = l ohm, 

g = 4x10* 

N = 10° = 100 million cycles, 
n = 300 cylinders, 


ЗО, 000 volts, 


Q 
© 


656 


it 1S: 


(3) : 


(D: 
(3): 
(4): 
(9): 
(10): 
(17): 
(18): 
:e!— 2140\/«-9%@= 40,08 e** 9€» + 0) 568 cos (24.72—0.0824и) 


(19) 
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2.8x10-* mho, 
1+27.17 ohm, 

(4 — 62.87) 10-* mho 
27.1 ohm 
62.9x10-* mho, 
0.0021 
0.0412 


е = 35,500 /5-9 9€» + 08 c9: _() 568 cos (24.72—0.0824u) 
= 54\/ 992и 4 (0,08 e** 9€» + 0,568 cos (24.72—0.0824и) 


bib oe dw m d 


So Е oe N Ta 


Hence, at: и = 0: 


€ 
L 
е! 


at : 


1 
e! 


30,000 volts. 
64.6 amperes. 


2560 volts. 
и = 300: 
0 


57.5 amperes. 
2280 volts. 


ШЕШ 


With voltages per gap, varying from 2,280 to 2,560, 300 gaps 
would, by addition, give a total voltage of about 730,000, while 
the actual voltage is only about one-twenty-fourth thereof; that 
is, the sum of the voltages of many spark-gaps in series may be 
many times the resultant voltage, and a lightning flash may pass 
possibly for miles through clouds, with a total potential of only 
a few million volts. In above instance, the 300 cylinders include 
7.86 complete wave-lengths of the discharge. 
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DiscussioN ON “ ENGINEERING Honor,” AT MILWAUKEE, Wis., 
May 30, 1906. 


(Subject to final revision for the Transactions.) 


C. P. Steinmetz: The day before yesterday we listened toa 
very interesting dissertation by our worthy President on engi- 
neering ethics. I have in the last few days thought over this 
matter considerably. There is a code of ethics in all other pro- 
fessions. The high standing of the medical profession and of 
the profession of law is, in my mind, undoubtedly due to their 
strict code of ethics. Other branches of engineering also have 
some more or less universally recognized code of ethics. Our 
profession is the youngest one. There are still amongst us 
some of the early pioneers, who have seen the beginning of 
electrical engineering, and they are not so very old yet, either; 
even in our worthy Secretary we have one—and he 15 not so old, 
because as he tells me he 15 still riding a bicycle—men whose 
activity began’ during the times when electrical engineering 
consisted of télegraphy and nothing else. 

While our profession is the youngest, it is one of the most 
important. Our national organization is the second largest 
engineering organization in the United States. However, 
problems have appeared which have to be met by the electrical 
engineering profession, problems of ethics which are different, 
to a considerable extent, to those met in other engineering 
professions. I want to draw your attention to a feature intro- 
duced by the fact that a very large percentage of the prominent 
electrical engineers are more or less closely associated with 
large manufacturing or large operating companies. Our organ- 
ization is powerful, is of a very high standing; it is up to us, 
and it is within our power either to increase the standing of the 
electrical engineering profession, to put a ban on everything 
we consider improper, to raise the code of ethics of the electrical 
engineering profession, or to let matters slide and trust to Provi- 
dence whether our standing shall rise or otherwise. I believe 
we should not do that. I believe we should consider the ques- 
tion of establishing ethics for the profession of electrical engi- 
neering; and I should therefore make a motion as follows: 

THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS, in 
annual convention assembled, requests the President and the 
Board of Directors to nominate a committee to consider the 
advisability of drawing up a code of ethics for the electrical 
engineering profession, and if this committee considers it ad- 
visable to draw up such a code of electrical engineering ethics, 
to proceed with the work. 

I believe as far as this motion goes it will be sufficient, if 
the committee nominated in this manner considers it inad- 
visable, to let the matter rest or take it up in annual 
convention next year. If, as I believe they will, they con- 
sider it advisable to proceed, then they can work at the sub- 
ject tentatively and produce a code for submission to the 
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members. The method of procedure then, I believe, would un- 
doubtedly be the same which was successfully followed when 
we started the work of standardization; that 15, a tentative 
code would be worked out by the committee, then submitted 
to a limited number of engineers in our organization for their 
opinions, suggestions, and criticisms, and after considering these 
opinions and suggestions and criticisms, the tentative code 
would be modified as far as the committee considered it ad- 
visable, and would then be submitted once more to the mem- 
bership at large, to all the members, for their opinions, sug- 
gestions and criticisms; and after these suggestions and opin- 
ions are in and considered by the Code Committee, then the 
report would be resubmitted to the association at large, probably 
at the next annual convention. 

Dugald C. Jackson: This is a matter that I have thought 
about frequently, on account of my relations with many young 
men with whom I am brought in close contact, and I take a 
great deal of pleasure in supporting the movement, which the 
President’s address has so aptly given us a hint of, of getting 
together to do some more standardizing, and with that in view 
I wish to second the excellent motion of Dr. Steinmetz. 

President Wheeler: The motion is made and duly sec- 
onded. It is now open for consideration. Are there any other 
remarks? 

C. Е. Scott: Our INsTiTUTE has two general functions; one 
may be termed engineering activity, the publication of papers, 
the educational influence of the INSTITUTE among its members, 
and especially among the younger growing engineers of the 
country. The second function is a different function, which 
has aptly been emphasized during the past few days, and 
principally by the excellent address of President Wheeler, in 
which he emphasizes the importance of professional ethics in 
our INSTITUTE. At a meeting which was held last night, and 
to which I may have occasion to refer a little later, President 
Wheeler called renewed attention to the authoritative position 
which our INsTiTUTE holds in the publication of its papers, 
through its Standardization Committee, and the like. We are 
not merely disseminating papers for their educational influence 
among our members, but we are disseminating literature which 
is accepted as standard, as representative of the profession. 
Even that which appears in the pages of our transactions, 
possibly presented as the individual views, or the results of 
work of a member, has a different standing when it appears 
on these pages from what it would have elsewhere. And in 
the shaping of the policies of the Institute for the future, 
these two things must be kept in mind. I have sometimes 
thought that those who have had one branch of the work of 
the INSTITUTE in mind, have minimized the importance of the 
other branch, or overlooked it; on the other hand, those who 
have had other things in mind have not seen the importance 
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and realized the necessity of developing along other lines. I 
trust, therefore, the motion which has been made will be unan- 
imously carried, as I believe it may be very useful in broad- 
ening and holding the proper balance between the different 
functions which our INsTITUTE should perform. 

(President Wheeler put the motion, which was unanimously 
carried.) 

President Wheeler: I need hardly say how glad I am to 
have the INsTiTUTE take this step, because I think itis a very 
important matter for us all; and І am pleased to have the direc- 
tion in which I have been thinking approved by my fellow mem- 
bers. 
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Discussion on ‘‘ SHUNT- AND COMPOUND-WOUND CONVERTERS 
FOR RAILWAY Work,” AT MILWAUKEE, May 30, 1906. 


J. B. Taylor: Mr Waters’ statement of the tendency to leave 
off the series field windings of synchronous converters for railway 
work 15 either in the nature of a prophecy, or else he has not com- 
pared the number of plants operating with compound windings 
with those operating without them. 

For large city systems where there are a great many cars, and 

the load changes gradually (depending on the hour of the day), 
shunt-wound converters are used in some cases, as they have the 
advantage of simpler connections and there is not much to be 
gained from the compound winding. On the smaller systems, 
and also on the largest system, where there are sudden changes 
in the load, there are a number of decided advantages to be 
gained by placing the series field on the converter. This has 
been the practice for a number of years past, is still the practice. 
and I am satisfied will still continue to be the practice until 
something quite different comes up. 
- The principal advantage of the compound winding is 
the more or less automatic compensation for line-drop, so as to 
maintain approximately constant direct-current voltage at the 
sub-station. There are some incidental advantages, such as 
the ability to secure desired division of load between machines, 
and saving of time in starting and placing machines in service. 
Machines having different characteristics, if they are shunt- 
wound machines, will sometimes give considerable difficulty in 
obtaining the desired division of load, whereas, with compound- 
wound machines an adjustment of shunt on series field will per- 
mit the operator to divide the load in the desired manner. The 
converters may be started at four o'clock in the morning, and 
run until two o'clock the next morning without touching the 
field rheostat. When starting a converter from the alternating- 
current side, a small field excitation will make the converter lock 
in step with synchronous speed with correct polarity. This 
separate excitation is given by the series field on closing the 
equalizer switch, provided another machine in the station is 
carrying a load. 

There should be no marked increase in cost due to the series 
field winding; there is no more copper on the field, and what 
copper there is used is to better advantage, as it is obvious that 
a large copper strip with a small amount of insulation can be 
placed more effectively than a small winding insulated for 500 
or 600 volts. 

As far as the efficiency of the converter itself goes, there is 
no reason why the series field should involve increased losses. 
It is true, the use of a reactive-coil involves certain small losses, 
but these are more than compensated by the advantages. If 
the reactive-coil has a kilovolt-ampere rating that 1s 15 per cent. 
of the converter rating, and even if the losses in this coil are as 
large as 5 per cent. of its rating at full load on the converter, this 
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loss would be only 0.75 per cent. of the converter rating. At 
light load the reactive-coil loss is practically nothing. 

The series field is of especial benefit on the small system where 
the fluctuations in the load are felt at the generator. The ten- 
dency of the increased leading component on the converter, due 
to the series field, reacts on the generator and tends to keep the 
voltage up. Asa result we find that the small systems operate 
with very little attention to the voltage. They are started up, 
and as the load comes on, the generator voltage, instead of fall- 
ing seriously, tends to remain constant. The result of this is 
that we get fairly constant voltage at the substations; and 
while in railway work only fairly constant voltage is required, 
it is better to have the voltage stay between 590 and 610 volts, 
than to drop from 600 down to 550 or 525. 

Besides maintaining the schedule, the maintenance of voltage 
reduces consumption of energy, as anyone knows who has 
figured the watt-hour consumption of a car. In order to make 
a low watt-hour consumption the voltage must be kept up. 

On most systems the substations are so far apart that it is 
impracticable to count on one relieving another to any great 
extent. It could be done at the expense of a great amount of 
copper or by having the converter voltage fall off very rapidly 
with increasing load. 

There is a special case, in one of the. French cities, where the 
character of the load is somewhat the same as we have in New 
York on the elevated system, where many trains and heavy 
loads are on all the time, and where the substations are quite 
close together. In this case it is desirable to have the load 
shared by the substations because the feeder-drop between them 
is comparatively small. In that case they have the series field 
winding, but reverse it so that the converter will purposely have 
a very drooping characteristic and one substation is relieved by 
those adjacent to it. Cases like this are quite special. As I said 
at the outset, the compound winding is in general use and there 
appears to be no present tendency to dispense with it. 

Р. М. Lincoln: I agree with Mr. Taylor in taking exception 
to the conclusions reached by Mr. Waters. The shunt-wound 
synchronous converter and the shunt-wound generator have 
much the same characteristics. They both have the drooping 
voltage characteristic, they differ in degree only, the shunt- 
wound converter will not drop its voltage so much with increas- 
ing load as will the shunt-wound direct-current generator, but 
the drop is there. Where a rising voltage characteristic is 
diesred on account of operating conditions, it is necessary. of 
course, to have the compound-winding. The compound-winding 
does not add materially to the complication or to the cost of the 
system. The additional cost is practically all in the switch- 
board apparatus, principally in the necessity of using equalizer 
switches, etc., but that, as will be recognized, is a small portion 
of the total cost. 
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By properly designing the transformers which connect to the 
converters; that 15, by introducing the proper amount of 
inductance, the necessity for reactance-coils can be entirelv 
avoided. As a matter of fact it is avoided in the standard 
construction of some of the manufacturing companies. As to 
load distribution between converters, Mr. Waters says that 
this is not good with compound-wound converters. I believe 
the equal load distribution between converters is not so much 
a function of the compound winding as it is of other elements. 
If a number of converters are operated from the same low- 
tension bus-bars, the brush tension, brush friction, and other 
small irregularities will cause a considerable difference in the 
distribution of the load. If, however, between the high-tension 
bus-bars, the point of equal potential on the system and the 
converters, there is placed a sufficient amount of inductance, 
as is the case when each converter is fed by its own group of 
transformers or its own secondary windings in a group of trans- 
formers, then the difficulties in load distribution disappear. 
That is the logical way of operating. Where the rising voltage 
characteristic is wanted, it is perfectly easy to supply 1{; where 
it is not wanted it is easy to leave it off. There is no particular 
difficulty in doing it. One instance which I might state which 
will show the contrary of Mr. Waters’ statements as to mod- 
ern tendency, is the case of the Manhattan Elevated Railway 
in New York. Originally they put in their converter stations 
and operated them for a number of years as straight shunt-wound 
converters. However, within the last few months, or possibly 
a year, the practice in this group of stations has been changed 
and the converters are now operated compound wound. 

W. L. Waters: Mr. Taylor says that there is no differ- 
ence in cost. between a shunt and compound-wound converter. 
Speaking as a designer, I can say a compound-wound converter 
costs about 6 or 7 per cent. more than a shunt-wound converter. 
In order to get automatic compounding, a compound-wound 
converter has to be designed so that it can introduce a large 
leading current into the line; that 1s, it must be capable of being 
highly overexcited. A shunt-wound converter, on the other 
hand, is designed to run on unit power-factor and to have a nor- 
mal excitation. A compound-wound converter is designed so 
that it can be run with from 30 to 50 more ampere-turns in the 
field than a shunt-wound converter. This means that there 
must be from 30 to 50 per cent. more copper on the fields, and 
space must be allowed for this extra copper. This makes the 
frame bigger and the whole machine heavier. Mr. Taylor mav 
possibly have confused factorv cost and selling price. I was 
speaking entirely of factory cost. The price at which a machine 
is sold is entirely a commercial question and has nothing whatever 
to do with the factory cost. 

Referring to the question of ethciency ; as I have stated above, 
a compound-wound converter usually has from 30 to 50 more 
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ampere-turns on the field. This means that the loss in the field- 
coils is from 30 to 50 per cent. greater than in a shunt-wound 
. converter. This is one place where efficiency is lost; the other is 
in the reactance-coils. 

Referring to Mr. Lincoln's statement that the use of reactance 
coils can be avoided by designing the transformers with suffi- 
ciently high self induction; this can certainly be done. It will 
mean, however, that the transformers are no longer standard, 
and that all the adjustment of the compounding has to be done 
on the series winding, which will mean again that the series wind- 
ing has to have a bigger margin allowed so as to get this ad- 
justment. 

Both Mr. Lincoln and Mr. Tavlor misunderstand me if they 
think I contend that general practice 1s toward the use of shunt- 
wound converters. I meant to say that when the points of 
extra complication increased cost, reduced efficiency, and less 
reliability are considered by the operating engineer, he will 
usually come to the conclusion that the shunt-wound converter 
is preferable. 
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DiscussioN ON '" MEASUREMENT OF TEMPERATURE BY ELEC- 
TRICAL MEANS," AT MILWAUKEE, Wis., May 30, 1906. 


F. F.Schuetz: I must take exception to several of the state- 
ments regarding the thermo-electric pyrometer. The author 
says: 


All the advantages stated for thermo-electric couples are equally to 
be obtained with resistance thermometers. 


some of the “ not-stated ’’ advantages of some thermo-electric 
pyrometers, and advantages not possessed by resistance pyro- 
meters, are as follows: 

1. Direct readings with wall or portable, pivot, dead-beat indi- 
cating instruments whose scales are directly visible. 

2. Direct recording of temperatures with a recording device 
similar to a recording voltmeter or ammeter. A smoked vibrat- 
ing chart is preferably used as the record-sheet. 

3. Use of different range scales upon the same instrument. 

4. The use of comparatively inexpensive elements of substan- 
tial size, readily insulated and protected; these may in many 
cases be left bare, and without any appreciable lag in assuming 
thermal equilibrium. 

5. The instantaneous indication of temperatures and varia- 
tions thereof of molten baths, and metallic plates, etc. 

6. Non-fragile couples, and the convenient and cheap replac- 
ing of the destructible parts. 

7. A pyrometer which may be entrusted to workmen of even 
less than ordinary intelligence. 

8. The comparative inexpensiveness, when not making use 
of platinum-rhodium couples which are only necessary for tem- 
perature above 2600? fahr. (although in some instance temper- 
atures even as high as 2900° fahr. may be measured with the 
cheaper couples). 

9. The practically unlimited length of the couple itself; and 
the practical possibility of being able to use a great number of 
these couples and at various points, because of their comparative 
inexpensiveness. 

There is yet another statement which needs correcting. namely: 


Such a gal\anometer needs to have greater sensibility than can be 
easily obta ned with a portable pivoted instrument, etc. 


The use of a galvanometer is not at all necessary, unless work- 
ing with the Le Chatelier high-resistance system with the stand- 
ard platinum-rhodium elements. 

A low-resistance system, using cheaper elements which give 
some five times the electromotive force of the standard Le Chate- 
lier couple, has recently been devised by Professor William H. 
Bristol of the Stevens Institute of Technology. In this system 
a wall or portable, Weston, pivot, dead-beat instrument is 
employed, requiring no particular care in handling. 
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A paper on this subject was recently read by Professor Bristol 
at the Chattanooga Meeting of the American Society of Mechani- 
cal Engineers. 

It is admitted that for extremely refined and accurate work 
the thermo-electric pyrometer must give place to the resistance 
pyrometer; but for ordinary commercial, industrial, and testing 
purposes, where indications to within one or two degrees are 
satisfactory,it is thought that the thermo-electric pyrometer is 
and will continue, because of the advantages enumerated, to be 
the most desirable and satisfactory temperature-measuring 
device for temperatures up to 2900? fahr., 1600? cent. 
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Discussion ох '" MAGNETIC PROPERTIES OF ELECTROLYTIC 
Irox,” AT MILWAUKEE, Wis., May 30, 1906. 


Е. Е. Northrup: It is well known that if aluminum has 
alloyed with it a small per cent. of copper the electrical conduc- 
tivity of the aluminum is lowered; the addition of a metal of 
better conductivity to aluminum thus reducing instead of increas- 
ing its conductivity. I would like to ask if Professor Burgess 
has found an analagous effect in which the permeability of pure 
nickel is decreased by the addition to it of a small per cent. of 
pure electrolytic iron, or, on the contrary, does the addition 
of iron to nickel increase the permeability of the nickel? 

I would also like to inquire if he has produced all his electro- 
lytic iron from wet solutions, or are there salts of iron which 
can be fused, and the iron deposited from them electrolyticallv 
when in a molten state? 

I am naturally interested in his method of making measure- 
ments of permeability, and I am rather sorry to see that he has 
abandoned the use of so excellent an instrument as the D'Arson- 
val galvanometer. I think the D'Arsonval galvanometer, if 
properly constructed and properly used, is entirely reliable, and 
far more convenient than any other form of galvanometer when 
used for this kind of work. 

The essential features that the D'Arsonval galvanometer 
should possess for this class of work are easily gotten. The 
damping should be electromagnetic, the shape and weight of the 
coil being such that the air damping is reduced to a minimum. 
The calibration of the galvanometer can be accurately made bv 
means of a standard of mutual inductance, and the secondary of 
this standard should be permanently in circuit with the gal- 
vanometer and test-coil. Since copper changes about 04€, 
per degree centigrade in resistance, the external portion of the 
galvanometer circuit should be not of copper but of manganin 
or other wire of nearly zero temperature coefficient. With these 
and other features of construction observed the constant of 
a ballistic D’Arsonval can be made very constant, and satisfac- 
tory sensibility can be obtained for permeability tests. Years 
of experience in working with both Thompson and D'Arsonval 
galvanometers has led me to prefer the D'Arsonval galvanometer 
for all classes of work except where the most extreme sensibility 
is required, as is the case When a bolometer 1s used. 

The magnetic viscosity of which Professor Burgess has spoken 
is a very interesting property of the metal, and I would like 
to have him tell us, if he is willing, how it is explained on Ewing's 
theory of magnetism, and also what relation it bears to the 
“ soaking in ” of a condenser. 

D. C. Jackson: This paper shows a small detail of some re- 
search that Professor Burgess has been doing. Professor Bur- 
gess has done a tremendous amount of work in an effort to pro- 
duce pure electrolytic iron in large quantities, so that large 
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samples may be tested and we may be able to find out what its 
individual qualities are. After having found he could make 
what seemed to be pure elctrolytic iron in quantities sufficient 
to handle, he became ambitious to make it in large quantities, 
great chunks, big cathodes, like those of electrically refined 
copper; in that process he has gotten to a point where the iron 
is not very pure. I presume an equal amount of energy will 
now have to be put into the research to come to these big cathodes 
while maintaining the deposited iron chemically pure. The 
discussion of that work may wisely some day come before this 
INSTITUTE. This may seem to some like a matter of purely 
philosophical interest, but after all, it may have a tremendous 
influence upon all the industries in which iron plays a part, 
including the electrical industries. 

The metallurgy of iron and its alloys is purely a matter of 
rule of thumb at the present time, and that 1s largely due to the 
fact that it has been impossible to get pure iron in sufficient 
quantities to investigate and experiment with, so that we may 
discover what its characteristics are. It is with that in view 
that Professor Burgess has entered on this investigation, and I 
believe that he is going to get something very much worth while. 
This little feature which he brings before us to-day is a matter 
of side interest, on account of the magnetic test. І want to point 
out in this connection an element of interest. You will notice 
that the iron was deposited and the rings were then ground out 
of the deposit, directly from the cathodes. Of course that is 
done partly for the purpose of being able to test the iron as it 
comes in the deposited chunks, that is, without the effects of 
heat treatment; but I will add that I think Professor Burgess 
has not been able to melt the pure iron in sufficient quantities, 
and still keep it uncontaminated, to cast rings, and that is 
another one of the tremendous difficulties he is now working with. 
He has been using the heat of the electric furnace in order to 
supply the melting temperature, and to begin with he finds it 
necessary to work out new crucibles of refractory materials 
which will not deteriorate the iron. 

I bring these matters to your attention with the purpose of 
giving you an idea of the magnitude of the work Professor 
Burgess 15 trying to carry on, so that you will not think that the 
magnetic testing of a few rings ground out of cathodes is by any 
means the limit of his extended and really magnificent piece 
of investigation which he has been carrying on for several years 
and probably will continue to carry on for a number of years. 

Charles F. Scott: One of the attractive points of this paper is 
the reduced loss from hysteresis, and the possible application 
of the material in the construction of dynamos, transformers 
and the like. I notice that the curves are taken at a fairly high 
induction. I inquire whether the same ratio of losses prevails 
at lower induction as in the cases here taken? The amount of 
energy which is used in overcoming hysteresis in commercial 
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apparatus probably runs into millions of dollars every year. 
This fact opens up the suggestion of a very important applica- 
tion for the improvement of electrical apparatus, if this kind of 
iron should be found amenable to the forms of construction 
necessary in electrical apparatus. 

W. І. R. Emmet: I notice that curve 1 and curve 3 are made 
from the same sample, with very different characteristics. 
I would suggest that to make a sample out of an electrically 
deposited mass of iron would be a rather uncertain way of inves- 
tigating its properties, inasmuch as it might not be homogeneous 
and certainly would not be in a commercially useful form. The 
simple process of heating changes it. I think the iron should 
be forged and worked to some degree equivalent to that required 
for practical use, so that the useful properties might be studied. 
We would be left to suppose that the differences of all these curves 
were caused by some mere mechanical changes in the arrange- 
ment of particles, and that this is not really a chemical study 
of the iron at all, but a study of the mechanical conditions. 

С. Р. Steinmetz: The only experience I have had with 
electrolytic iron was about 14 years ago, when investigating 
the hysteresis and permeability of iron. І used the same electro- 
lyte, a sulphate of iron-ammon solution, and used as negative 
mercury. This gave an amalgam containing about 11% iron. 
The magnetic analysis showed almost constant permeability 
of 2, and a high hysteresis loss. This amalgam of iron, heated 
for a considerable time beyond the boiling point of mercury, 
left a spongy mass of pretty nearly pure iron, which had the same 
characteristics as shown here: a very considerable hardness 
and a very large hysteresis loss, although hydrogen in this case 
could hardly be in the iron. In short, it represented hard and 
not soft iron. 

The question of the magnetic properties of iron, as Mr. Scott 
has said, is very important for the electrical engineer, and since 
this 15 the only paper at the convention dealing with magnetism, 
I think it desirable to draw your attention to the great change 
in our conception of magnetism which is taking place at the 
present time, due to the work of the last few years. 

We have been used to consider magnetic permeability as a 
property of a few selected materials—iron, nickel, cobalt, mag- 
netite and oxygen. There 15 one oxide of chromium Cr,0,,which 
is strongly magnetic, comparable with magnetite, but difficult to 
get. Inthe last few years a remarkable alloy has been found, 
containing copper, aluminum, and manganese; in the percentage 
of 60 to 65 copper, 20 manganese, and the rest aluminum. This 
alloy shows a fairly high magnetic permeability. Manganese 
has never been considered as a magnetic material, and a small 
per cent. of manganese in iron spoils its magnetic characteristics. 
The manganese-copper-aluminum alloy acts almost inversely 
to iron. If iron is heated and suddenly chilled it gets hard and 
of low permeability. This alloy, as it 1s cast and slowly cooled, 
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has low permeability, you can just notice the attraction by a 
magnet; but if it is heated and suddenly chilled the permeability 
is quite high, and still more so by melting it in a blast flame and 
letting it drop into water. I give you this preliminary state- 
ment; the exact data I must reserve for a future time. This 
alloy I should say is between magnetite and nickel, regarding 
its magnetic characteristics. | 

My attention has been called by Dr. Harden to а still more 
curious material. If about three parts antimony and one part 
manganese, powdered or coarsely granulated, are heated in a 
test tube, that is, to a moderate temperature, then the mixture 
which before was entirely non-magnetic, is strongly magnetic, 
while still apparently a loose powder, and shows the lines of force 
of a magnetic field, like iron filings. This has led me toinvesti- 
gate, and I have found that if antimony is melted in the presence 
of manganese it becomes magnetic to a somewhat less extent than 
magnetite; it has probably a saturation value of 3000 or 4000 
lines per square centimeter; but even with such a very small 
quantity of manganese in the antimony that a rough qualitative 
analysis found no manganese, the antimony was quite strongly 
para-magnetic. I then tried zinc. I melted zinc and main- 
tained it at a temperature fairly high above the melting point, in 
the presence of manganese, but it did not lead to any results, 
possibly because manganese is covered with an oxide film, and 
is not dissolved. But by carefully dropping a piece of manga- 
nese suddenly into the melted zinc, I succeeded in getting a small 
quantity of the zinc containing manganese which was strongly 
para-magnetic. I went further, and added sodium, melting 
zinc with a small percentage of magnanese and sodium, the 
sodium acting as the reducing agent, and the zinc so dissolved 
manganese and formed a magnetic alloy. In looking over my 
samples I found a piece of manganese tin which had been lying 
on a shelf for years and it was quite strongly para-magnetic. 

Herefrom it seems to follow that manganese is a magnetic metal, 
but 1s non-magnetic when free, but strongly magnetic in alloys. 
If the metal by itself could be made to exhibit the same permea- 
bility as pure metal as it has in alloy, it would be several times 
more magnetic and have a magnetic saturation several times 
higher than soft iron. That led me to the conclusion that in the 
copper, aluminum and manganese alloy, the aluminum is the 
reducing agent, which reduces the oxide film on the manganese, 
and so makes the copper dissolve the manganese. Therefore it 
follows that there are alloys which contain no iron, nickel, or 
copper, but still have an appreciable permeability, and it is not 
impossible that there might be found alloys of metals which 
have permeabilities higher than iron. Obviously, it would be 
extremely valuable for the electrical engineer if something could 
be found more magnetic than iron. At the present time, how- 
ever, in my opinion, there is no chance for that; but the whole 
field which opens up here regarding our views on magnetism 
is extremely interesting and worthy of further exploration. 
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I intend to give a paper on this subject, with some numerical 
values, but have not vet succeeded in finding the time fully to 
investigate the subject, particularly to determine the exact 
numerical constants, and so I give this statement as preliminary, 
and shall perhaps at some other time give further information. 
Perhaps somebody else may be willing to investigate further the 
magnetic qualities of manganese alloys. 

С. F. Burgess: There appears to be no fundamental reason 
why iron may not be deposited from a fused bath as well as from 
an aqueous one, but no one appears as vet to have pointed out 
a suitable composition of fused salts for this purpose. 

Magnetic viscosity is a property of iron which was recognized 
by Ewing. 

The reasons for discarding the D’Arsonval galvanometer for 
the astatic needle type are covered in the paper, and for reasons 
more in detail the speaker begs to refer the matter to Mr. A. Hoyt 
Taylor who has made a special study of magnetic tests and who 
proposes to carry the study of the magnetic porperties of electro- 
lytic iron through the coming year. 

Whether hydrogen 15 held physically or chemically in electro- 
deposited iron is a matter upon which there is a difference of 
opinion and it has not been proved conclusively one way or the 
other. It 15 not unreasonable to suppose that it may be held 
both physically and chemically, from the fact that some of the 
hydrogen is liberated at the temperature of boiling water, while 
perhaps a greater part of it is held with great tenacity and is not 
expelled even when the iron is melted. 

The question has been raised as to whether the ratio of the 
magnetic cycles for heated and unheated electrolytic iron is the 
same for low fields as it 1s for high ones. While tests have not 
been made to prove that the ratio is exactly the same, it 1s 
undoubtedly approximately so. The curves given in this paper 
do not show the results of the best samples of iron which have 
been produced, and in fact the permeability can be increased 
and the hysteresis reduced by suitable heat or chemical treat- 
ment. Asto the suggestion that the tests would have been more 
complete had the iron been forged, it may be pointed out that 
it was not the purpose of the paper to deal with the magnetic 
properties of the melted or forged iron, although one hundred 
or more samples have actually been made from melted ingots. 
The magnetic properties of the forged iron are different from 
those of the iron heated as described, but as to what this differ- 
ence mav be due is a subject for further investigation. 

To the verv interesting information which Dr. Steinmetz has 
given relative to magnetic materials in which iron 1s not present, 
at least one additional compound may be mentioned. Dr. O. P. 
Watts found on carrving on an investigation of electric furnace 
products in the Applied. Electrochemistry Laboratory of the 
University of Wisconsin that manganese boride, a definite com- 
pound free from iron, has striking magnetic properties. | 
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R. A. Fessenden (by letter): The determination of the mag- 
netic properties of electrolytic iron is of very great importance, 
not only from a commercial but more especially from a scientific 
standpoint. Professor Burgess’ method of producing the iron 
enables us for the first time to obtain a sufficient quantity of the 
material for test. The grant from the Carnegie Institute will 
enable the work to be carried out, and we have therefore good 
grounds for hoping that Professors Burgess and Taylor may 
succeed in settling the question. 

The methods used, as described in this INsTITUTE paper, are, 
however, entirely inadequate to give any accurate results. At 
least some dozen sources of error have not been taken into 
consideration. For example, the dimensions of the rings used 
would absolutely prevent any correct results being obtained, 
since the value of H on the outer edge of the ring is 25% greater 
than that on the inner edge of the ring, and any curves obtained 
would therefore be merely composites of a number of curves for 
a range of H varying 25%. 

Before taking up this work, it would be advisable to consult 
the literature on the subject for the purpose of eliminating 
sources of error. А brief list of the majority of these has been 
given by the writer in a paper on ‘“ The Nature of the Electric 
and Magnetic Quantities," Physical Review, February, 1900. 
Also the papers of Hopkinson and others on the rate of decay 
of magnetization in solid bars, should be consulted. Asa matter 
of fact, it is doubtful whether it is worth while making any experi- 
ments on solid rings, as there is no known and practicable way 
in which the effect of interior eddy-current lags can be eliminated, 
and probably correct results can only be obtained from rings 
made from thin, laminated, carefully insulated sheets, or radius 
large in comparison with the thickness of the torus, and care- 
fully wound to prevent magnetic leakage. 

I call attention to these sources of error for the reason that 
the present opportunity on account of the ability of the gentle- 
men engaged in the work, and other favorable circumstances, 
offers such an excellent opportunity of settling the question 
once and for all that 1t would be a matter of regret if all errors 
were not eliminated. 
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Discussion ON “ THE EDUCATIONAL VALUE OF AN ELECTRIC 
TesT Car” AT MILWAUKEE, Wis., May 30, 1906. 


P. M. Lincoln: What degree of accuracy can be obtained from 
the accelerometer? The accelerometer, as I understand it, opera- 
tes from a change of voltage in the transformer, which is caused 
by a change in current, which in turn 15 caused bv a change in 
speed. It seems to me that the magnetic lay of the transformer 
would cause a considerable error in regard to the change in 
voltage and change in current. Just how much that amounts 
to, and how an accurate result could be obtained 1s the question. 

D. C. Jackson: I would like to call attention to several 
advantages of this kind of apparatus. The title of the paper is 
“ The Educational Value of an Electric Test-Car." Now, from 
the standpoint of instruction, I do not believe such a test-car 
brings returns worthy of the great amount of money that goes 
intoit. On the other hand, there are two features of pronounced 
advantage; one lies in the fact that the college can construct, 
maintain, and operate such apparatus very advantageously, 
because, for one thing, it 1s a natural holder of such apparatus. 
The work of investigation can be done bv the colleges with such 
apparatus, and the results will be made public so as to be useful 
to all concerned when the work is completed. The results of 
similar investigations might not be made public by private 
corporations owning such test apparatus. The second advant- 
age is that it brings the colleges into intimate contact with 
operating managers and engineers, and there is no question about 
the educational advantages to the colleges that come from that 
feature. From that standpoint I think the title of the paper 
is justified. 

Mr. Akers: As to the accelerometer, I am sorry I cannot 
give any precise answer to the question; but the transformer, 
being excited by the direct current from the machine, and there 
being but a comparatively slight change in the current, I think 
the hysteresis would introduce but slight error and have a 
limited effect. 
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Discussion ON “THE ART OF INVENTING,” AT MILWAUKEE, WIS., 
May 30, 1906. 


C. P. Steinmetz: I do not quite agree with the author of this 
paper, or rather, I do not believe that there is such a thing as 
ап art of inventing. I consider inventing as a part of the regular 
work of the engineer. The engineer has before him a problem 
to solve, whether it be a problem of design, installation, or oper- 
ation. He has at his disposition a vast amount of experience, 
his own and others, and if he is successful he solves the problem 
in a number of successive steps. Some of these steps are old, 
and have been taken bv others under similar conditions. One, 
or several, may be new, have never been taken by anybody 
before; that is, are invention, and as such are covered by patent. 
These new steps may not necessarily be the most important, the 
most difficult or ingenious ones, but they are new and as such 
are invention. But without being put in the position where the 
problem calls for just such a step, without having at his dispo- 
sition the vast amount of preceding experience, the engineer 
would never have made that invention— perhaps he may have 
invented something else. 

For the engineer, originality is essential to enable him suc- 
cessfully to solve problems or parts of problems by new ways, or 
ways partly new. But this part of an engineer's work is so 
inextricably joined with the rest of his work, that I see no reason 
to separate it as a special art called the art of inventing. Intel- 
lectually, it is neither higher nor lower than the rest of an engi- 
neer's work: the application of known facts and selection of 
appropriate known methods to the solution of a problem. 
Indeed, frequently the engineer finds a new way, and considers 
it inventing, though investigation afterwards shows that he 
is not the first, but that somebody else before him has made the 
invention, and he merely re-invented it. Nobody can know 
everything. So, in many cases, inventing is merely the inci- 
dental feature that that particular engineering step has not been 
taken by any oneelse in exactly the same manner; and similarly, 
other steps, though they may be more difficult, more creditable 
to the engineer, yet they are not invention. 

As to the question of giving the credit to the inventor—I speak 
not of those broad and radical inventions, which are rare and far 
between, but of by far the largest number of patents—it must be 
considered that in most cases the problem was but before the 
inventor by some one else, or as part of his professional work; 
it was solved by the use of a vast amount of experience gathered 
by others, without which he could not proceed a single step, and 
very frequently that step which constitutes invention would 
be of no value whatever, except in connection with the rest of 
the work, and even then a great amount of development work 
may be needed to reduce the invention to practical value. That 
is, the new idea, while it is an invention, requires a great deal 
more, before it is of commercial utility, and to claim for the 
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inventor all the credit for the advance in the art resulting from 
the invention, is as unjust as it would be not to give any credit 
for inventive originality. | 

I repeat, most inventions are engineering steps, part of the 
regular work of the successful engineer, who must possess not 
only the knowledge to use old ways and methods, but also the 
originality to find new ways when required to solve the problem 
before him. 

There are but few pioneer inventions. It occasionally hap- 
pens that inventions are made which open up an entirely new 
field, establish a new industry, as the invention of the incandes- 
cent lamp, of the wireless telegraph, of the polvphase system. 
And frequently it is difficult to state the exact feature of which 
the invention consists, especially when after the lapse of years 
the inventor's work has become commonplace to the world. 
Take for instance the case of the Edison incandescent lamp. 
This is one of the most useful, important, and radical inventions. 
It perhaps can be said to be the foundation of the electrical 
engineering industry. Before that, electrical engineering was onlv 
the art of telegraphy; after that electric power became a 
quantity to consider. But before Edison people had run fila- 
ments in a vacuum. Carbon filaments had been proposed. 
The high-resistance-feature of the filament 1s difficult to consider 
as an essential distinction, since it is merely a quantitative dif- 
ference: as long as the source of electric power was a primary 
battery of low voltage, a high-resistance filament would have 
been decidedly disadvantageous—low resistance wanted. With 
the source of power of high voltage high resistance was wanted; 
that was self-evident, especially after Edison had done it. To 
lead the current into a bulb, platinum wires had probably been 
used before Edison. So you may ask: What is meant by the 
invention of the incandescent lamp? That is a question for 
lawvers to discuss; and since the patents have expired, the 
details are of no further interest. But before Edison, incan- 
descent lighting did not exist. As the result of Edison's work 
on the incandescent lamp, an industry of vast importance has 
been created, and a revolution brought about in the methods 
of illumination. The importance of the problem was realized 
before Edison. But whatever may be the details of the work. 
nobody did it before, and to the one who made the incandescent 
lamp what it is to-day, the historian gives the credit. | 

Again we see the same thing in the matter of polvphase trans- 
mission. Polyphase currents had been used before Tesla; 
investigations had been made by Ferraris. Motion had been 
transmitted synchronously, by polyphase currents, many vears 
before Tesla. <All the engineering world was striving for an 
alternating-current motor; and still all the world waited until 
Tesla showed how by poly phase currents poiver could be trans- 
mitted and distributed, not merelv a laboratorv toy setinrota- 
tion, but power transmitted over distances to do the world's work. 
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. It is characteristic of most pioneer inventions that at first 
people do not believe that it has been done; do not believe 1t can 
` be done; pay no attention to it; laugh at it. Next, a host of 
claimants crop up, all of whom have solved the problem, made 
the invention long ago, and they claim the credit—only nobody 
knew of their work until the inventor showed the way. Asa 
matter of fact the things is old as the hills, is no invention at all; 
it was long known before the inventor used it, but somehow 
nobody had used it before. Ultimately, history records that the 
art did not exist before, that the work of the inventor brought 
it into existence, and that to him belongs the credit. Usually 
he gets the credit long after his death. 

This applies to men that produce radical inventions. The 
reverse of this 1s the professional inventor, the man who hunts 
around to pick up and combine ideas created by others, whether 
useful or not, merely for luck, because sometime something 
similar may be made useful by the inventions of others. Him 
I consider as just a step above the professional promoter. But 
between the two, the pioneer and the freebooter, stands the vast 
majority of legitimate engineering inventions, representing steps 
in useful engineering work done for useful purposes. 

. President Wheeler: I quite agree with what Dr. Steinmetz 
has said, and at the risk of making an anticlimax I will go back 
for a moment to the subject of the paper, because I want to 
mention another example of a much needed invention. The 
author of the paper says that the first requisite is to select a 
problem. In nearly all work and all businesses a great deal 
of time is spent in multiplying a unit price by a quantity, and 
writing the result on a ticket, either a time ticket, a material 
ticket, or a cash ticket. I think it is hardly realized how 
much routine labor is spent in writing these tickets, and, 
as a bookkeeper would say, in making the extensions. In these 
days when adding machines and multiplying machines are 
coming into use, the tendency to use mechanical devices in all 
bookkeeping operations is getting stronger all the time. 

. I wanted a machine to do the oprations I have just referred to, 
and I asked the people who make the calculating machines 
to make one for me, but thev were not able to do so. I call it 
a multiplying printer. It might consist of three dials, or equiv- 
alents—if you set one at 13 cents and the other at 109 1b., the 
third dial would tell how much this comes to. If you put a 
regular form of ticket under it and strike it, it will print the 
product, and also print the unit price and the number of pounds. 
The object of printing all three 15 so that you тау go back and 
see where the mistake was when some one makes out a ticket 
wrong. That sounds quite simple, and yet nobody has turned 
out such a device. I thought I would invent one to order, 
three or four years ago. I consulted a mechanical expert and 
asked him to get it up for me. After a few davs he called on 
me and laid on my desk what he called the literature of the 
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subject—a bundle containing about 500 patents of similar 
devices, and told me he would be glad to get up the machine 
at $50 per day, but could not tell how many months it would 
take. 

Edwin J. Prindle: Mr. Steinmetz’s report of his remarks at 
the convention, concerning my paper on the “ Artof Inventing” 
has been modified so that my oral reply to it does not appear 
to have complete connection with the matter, but as those who 
were present at the convention and who remember the matter 
will retain the impression of his remarks as they were actually 
delivered, I desire to make the following more complete reply 
to Mr. Steinmetz's remarks. 

Mr. Steinmetz’ position was that inventing is a mere incident 
of engineering, and that inventing, considered by itself, is one 
of the forms of activity which is least worthy of respect. The 
engineer 1s doing engineering per se when he is designing struc- 
tures and apparatuses for new situations and conditions without 
changing their principles. When, however, he is introducing 
new principles of operation, he is inventing, as distinguished 
from practicing engineering proper. Mr. Steinmetz seems to 
think that it is a higher grade of work to select from among known 
apparatuses, that apparatus best suited for a given condition, 
and to determine its size and proportion by the use of mathe- 
matics and engineering rules already in existence, than it is to 
invent an apparatus working upon a new principle and doing 
work at perhaps a greater economy than any apparatus pre- 
viously invented or serving a purpose which no apparatus 
previously known can serve. To state Mr. Steinmetz’ position, 
seems almost to answer it. 

Sir Francis Bacon considered inventing as one of the highest 
forms of effort. He said: 

The introduction of great inventions appears one of the most distin- 
guished of human actions, and the ancients so considered it; for they as- 
signed divine honors to the authors of inventions, but only heroic honors 
to those who displayed civil merit; such as the founders of cities and empires, 
legislators, the deliverers of their ay from lasting misfortunes, the 
quellers of tyrants, and the like. And if anyone rightly compare them, 
he will find the judgment of antiquity to be correct; for the benefits 
derived from inventions may extend to mankind in general, but civil 
benefits to particular lands alone; the latter, moreover, last but for a 
time, the former forever. Civil reformation seldom is carried on without 
violence and confusion, while inventions are a blessing and a benefit 


without injuring or afflicting any.—Novum Organum, Book 1, Section 
CX XIX. 


To take the view of a man of to-dav, Judge Grosscup, a dis- 
tinguished Federal Judge in Chicago, has said; 

Inventive genius has given to mankind most of its present material 
civilization. The magnificent flower of civilization, everywhere surround- 
ing us, has opened from germs that were fructified from the brains of 
inventors. 

'The founders of the Constitution of the United States thought 
inventing so important that thev introduced a provision into 
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the Constitution for the enactment of laws for the protection 
of inventions. 

‘George Washington was sufficiently interested in the stimula- 
tion of invention to urge in his first annual message to Congress 
the expediency of giving effectual encouragement to the intro- 
duction of new and useful inventions. In fact he took the trouble 
to sign the first patent ever issued by the United States, and 
other subsequent patents. | 

Photographs of a patent signed by George Washington will 
be found in an article by the writer in the Scientific American, 
May 13, 1899, page 300. Not only was the patent signed by 
George Washington, but it was signed by the Secretary of State, 

and the Attorney General of the United States. 

The inventor is one of the greatest benefactors of mankind, 
and there is eminent authority for belief that, as a class, the 
benefit which inventors confer upon humanity is a powerful in- 
centive to the production of inventions, as well as the profit 
that may come to them. Senator O. H. Platt of Connecticut, 
in an address delivered before the Patent Centennial Celebra- 
tion, 1891, said: 

I deny, however, that the hope of pecuniary gain is the only motive 
of invention, or indeed the most powerful motive. Two others, at least, 
are more potent: The insatiable desire to man to see the invisible, to 
touch the intangible, to know the unknown, to uu dg the unconquered, is 
one; to benefit the human race is the other. he prospect of money 
reward alone would never absorb and concentrate and intensify the 
faculties of the inventor. * * * If they can but discover the germs of 
new inventions which are to cheapen production, which are to minister 
to the present and prospective wants of mankind, they will be satisfied 
with their life-work and feel that they are entitled to a place among the 
world's great doers, though others shall enter in and reap more abund- 
antly the money reward. There never yet was a true invention from 
which the public did not reap infinitely greater pecuniary reward than 
the inventor. However selfish his purpose may be, it is an inevitable 


law of invention that it holds greater benefits in store for the masses than 
for the inventor. 


Every physical contrivance that is substantially different from 
‘things previously known, is the result of invention. The 
comfort in which we live, the ease with which we communicate 
with each other, the labor-saving devices which make it possible 
to maintain physical life without ceaseless effort—these are the re- 
sult of invention, and they give the opportunties necessary for the 
building up of our present civilization, so that fundamentally 
inventing is the most important of industrialactivities. Invent- 
ing creates that which did not exist before, and does not consist 
in merely repeating actions which others have shown how to 
perform or in participating in the activities of others as a mere 
agent or assistant, and, therefore, inventing is, as is almost 
universally recognized, one of the forms of activity worthy of the 
highest respect. 

That which is easy for us to do, we are apt to hold in light 
regard. When we thoroughly understand a difficult subject 
so that it holds no mystery for us, it is apt to suffer in our esti- 
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‘mation. It requires an effort to withdraw one's self to a suffi- 
ciently distant point of perspective to restore a true estimate 
It is probably for this reason that Mr. Steinmetz so lightly 
regards the dignity of inventing. Inventing comes so easy to 
him, that he forgets its tremendous importance, and it seems to 
him but a mere incident in his engineering. Because of the 
facility with which he invents, he is probably one of those least 
qualified properly to estimate the dignity of inventing. 


 1906.] DISCUSSION AT MILWAUKEE. 679 


DISCUSSION ON ‘‘ SOME FUNDAMENTAL CHARACTERISTICS OF 
MERCURY VAPOR APPARATUS, AT MILWAUKEE, Wis., 
May 30, 1906. 


C.P.Steinmetz: Asstatedin the concluding sentence, this paper 
is not confined to new matter, it is also somewhat historical in that 
it reviews in part much of the work that has been done with 
mercury arc apparatus. As regards the statement of facts 
contained in the paper, in general I agree with the author; but 
with his interpretations and explanations of facts I must disa- 
gree to a considerable extent, partly for the reason that the paper 
describes as features of a special class of phenomena features which 
are characteristic of a far more general class of phenomena; that 
is, characteristics of arcs in general, the common carbon arc, well 
known to us for a century, as well as the mercury arc. Further- 
more, well-known features are re-explained in connection with 
the mercury arc by the introduction of new terms; for instance, 
the so-called cathode or negative resistance, which is nothing 
more than a reiteration of the fact that an electric arc does not 
start itself, but must be started. That was known a century 
ago by Davy, when he drew the first powerful arc by putting 
battery terminals together and then separating them. But 
Davy did not introduce the term “ negative resistance," he 
merely stated the phenomena, which since that time has been 
used by every designer and operator of arc lamps, though I do 
not think many of the designers and operators have ever heard 
anvthing about negative resistance. 

Some of the explanations in the paper encroach on the field of 
metaphysics. From an engineering point of view I do not see 
any advantage in entering this field, which for centuries has 
been the playground of human thought. My experience pro- 
tests against it, and as far as possible I like to explain phenomena 
in what I consider as a more common-sense way, as conclusions 
from the law of the conservation of energy, conservation of 
matter, etc. 

Taking up the paper a little more in detail, the first three 
pages contain a description of the electrical characteristics of 
the mercury vapor arc in a vacuum, what are reallv the electrical 
characteristics of anv arc, the common arc, the magnetic arc, 
or any other arc, in air or otherwise; thatis,a drop of potential 
at the two terminals, which is approximately constant and 
independent of the current, and a drop of potential in the arc 
proper, the arc flame or vapor stream, whatever you may call it. 
which is of the character of a resistance, but the resistance of 
a conductor which makes its own path. Two years ago, before 
the International Electrical Congress at St. Louis, in a paper 
on the electric arc, I discussed these phenomena, and gave the 
theoretical considerations leading to the derivation of the equation 
of the volt-ampere characteristic of the arc, of which a special 
case is the carbon arc; another the magnetic arc, known to all 
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of us, and another special case again in the mercury vapor arc 
as shown on the third page of the present paper. 

The matter is very simple if you do not introduce any myste- 
rious conceptions, but look at it merelv from the point of view 
of the law of conservation of energy. The power available in the 
arc-stream is the volts times amperes. "This power has to be 
radiated from the arc-stream, and the power radiated from the 
arc stream is proportional to the surface of the arc-flame, and 
depends on the temperature of the arc-flame. This immedi- 
ately gives an equation relating the surface of the arc-stream 
and its temperature, with the volts and amperes. Furthermore, 
the section of the arc-stream, or, more properly, the volume of 
the arc-stream, is proportional to the current, and this gives the 
second equation required. From these two equations you can 
derive the equation between volts and amperes in the arc, for 
any condition of operation. For instance, in the case of con- 
stant pressure ; that 1s, constant temperature of the arc-stream, 
the temperature of the boiling point of the negative material 
gives the characteristic curve of the carbon arc or magnetite arc. 
Or you can derive the equation between volts and amperes for 
an arc or constant arc-section; that is, the arc vapor pressure 
varying with the current, and the temperature varying with the 
current. This leads you to an equation giving the curve on 
the third page of the paper; with reasonably fair approximation 
this can be represented by the following equation: 


e =e@ + - --— : т 
| ad—bi—c-- 
where: 
€ =e.m.f. consumed by mercury arc, 
t = current, 
€, = 18 volts = potential drop at terminals, 
1 = arc length, in inches, 


d arc diameter, in inches, 
and: a, b, and с are constants: 

a = 1.68. 

b can have two different values, one: 

р = 0.114, for a mercury anode, the other, 

b = 0.066, for a graphite, iron or other solid anode, 

с = 1,3. 

The constant b also depends on the size of the condensing 
chamber, and the constant c, to a limited extent, on the temper- 
ature of the air surrounding the arc. This equation and the 
discussion of the deviation of the actual curve at very low and 
very high values, from this rational equation, is given in my 
paper read before Section D of the International Electrical 
Congress. The paper can be found in the proceedings of that 
Congress. 

I may say that this curve is a characteristic volt-ampere curve 
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of the mercury arc in permanent condition; that is, the relation 
between volts and amperes, after a sufficient length of time has 
elapsed to reach permanent or constant condition. From this 
curve it would seem to follow that at 4 amperes or more the 
mercury arc could be operated at constant impressed voltage, 
without steady resistance, because the voltage rises with the 
current. Thisis not the case. The mercury arc, like any other 
arc,is unstable at constant impressed voltage. The reason is that 
the rate of change of electromotive force over change of current, 
is negative throughout. In other words, if you change the 
current from 4 to 4.5 amperes, the voltage drops, and then grad- 
ually rises again to the voltage given in this curve for 4.5 amperes: 


The “fis negative, as in any arc. The value of Е increases 
with decreasing current; that is, the volt-ampere characteristic 
becomes very steep with low currents. From this follows, at 
low current, at limited impressed voltage, an instability of the 
arc. This instability is an inherent feature of every arc, from 
the carbon arc at 3500° cent. down to the mercury-vapor 
arc, at something between 200 and 250° cent. It is more 
pronounced in the magnetite arc at about 2000° cent. than 
in the carbon arc, and more pronounced still in the mercury arc, 
due to its still lower temperature. But any arc, if you run down 
to low currents at limited supply voltage, has the disagreeable 
feature of suddenly putting itself out; but it may jump and start 
itself again if the voltage is high enough. A remedy for this is 
the introduction of inductance in series with the arc. 

This matter was fully investigated by Professor Elihu Thomson 
in the early days of arc lighting. He took out a patent for the 
use of inductance in series with direct-current arcs to steady the 
arc and keep it from rupturing itself. I believe the patent 
expired some years ago. 

The feature of a rotating spot on the negative terminal, de- 
scribed on the fourth page, 1s not a characteristic of the mercury 
arc; every arc having a liquid of fusible negative electrode 
shows it. In the development of the magnetite arc lamp, one 
of the most difficult problems which had to be solved was to 
eliminate the flicker due to the rotating spot on the negative 
terminal. It has been successfully done, but it shows that this 
feature is not characteristic of the mercury arc alone, but is 
inherent to all arcs having a fusible negative. It is the result 
of mechanical causes, the law of action and reaction; in other 
words, it is the effect of the recoil or reaction of the arc-blast, as 
I have described in the paper already referred to. 

The '* negative resistance ” or '* cathode resistance," is а new 
and I believe unnecessary way of saying that the arc does not 
start itself, that it has to be started; this is a very well known 
phenomenon, and is nothing but a necessary conclusion from 
the law of conservation of energy. Ап electric arc 15 the passage 
of current between two terminals, through a conducting vapor 
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bridge consisting of the materiul of the negative terminal, issuing 
from the negative. The electric spark is the passage of current 
between terminals through the medium of the gas or vapor 
filling the space. The spark will pass as soon as there ts a suffi- 
cient voltage, because the conducting medium 1s there. The 
arc cannot pass without first establishing the bridge of conduct- 
ing vapor from the negative to the positive. This requires the 
expenditure of energy, the latent heat of evaporation, kinetic 
energy of motion of the vapor stream, etc., and this energy must 
be expended before the arc can exist. Before the current flows, 
no energy can be expended by the electric cicruit, and therefore 
it follows that the electric arc by the law of conservation of 
energy cannot spontaneously start, but must be started. 

There are many methods of starting an arc. A few are de- 
scribed in the paper. One 15 to bring the conductors in metallic 
contact with each other and so establish a circuit, and then sepa- 
rate them, the current flowing and the energy required to pro- 
duce the vapor bridge being derived from the electrical energy 
of the current. Another well known method, described on the 
seventh page, 1s to raise the potential across the terminals so 
high that the energy of the electrostatic field between the ter- 
minals, or the diclectric displacement current, represents suffi- 
cient energy to produce the vapor bridge—to jump a spark across 
the terminals, which will be followed bv the arc if there is sufh- 
cient power behind it. This is a wav to start arcs, which occas- 
ionally happens without the wish of the engincer, and at undc- 
sired places, as between the conductors of a transmission line. 
Hence the general characteristic 1s that the energv of the vapor 
stream must be supplied. It can be supplied bv another arc. 
An auxiliary arc may be produced, as it was done in some older 
types of mercury-are lamps, the auxiliary arc supplving the 
vapor stream which is used in the main arc. The operation of 
the mercury-arc rectifier depends on the fact that there are two 
arcs continuouslv alternating; one of the alternating-current 
half-waves passes from the common negative to the one anode 
as positive, and the next half wave passes to the other. The 
vapor stream of the latter wave is supplied from that of the former, 
and so on, so that each half-wave arc starts the next, by supplv- 
it with the vapor stream. Another wav to start an arc is this: 
take a vacuum tube with mercury terminals, with the voltage 
on, and shake the tube rapidly; the rapid shaking in a high 
vacuum (it must not be a perfect vacuum, but nearly perfect) 
produces static sparks due to the mercury hammer, and these 
sparks produce sufficient conducting mercury vapor to start 
the current, especiaily if the electrostatic capacity of the svstem 
is inereased by coating the outside of the tube at the mercury 
terminal with tin-foil, and connecting this with the opposite 
pole. So the mercury are can sometimes be started by mere 
shaking, if the vacuum is just right. Another way is to bridge 
the space between the negative and positive terminals, by а con- 
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ducting carbon filament and raise it to a sufficiently high tem- 
perature; for instance, an inverted [/-tube with two mercury ter- 
minals and a U-shaped carbon filament dippinginto both, will start, 
if connected across a voltage raising the filament to full candle- 
power. This temperature is sufficient to produce the conducting 
mercury vapor to start the arc. Afterward the filament can 
be cut out by mercury vapor pressure or other means. Some 
such lamps, based on the starting by an incandescent filament, 
I designed some six or seven years ago. The plunger type of 
mercury arc lamp, as used on series circuits, occasionally starts 
in this manner, if for some reason or other the plunger sticks 
in starting. The general requirement of starting any arc is to 
supply the energy of the vapor stream by some source before the 
arc exists. 

In regard to the author's exposition оп“ The Physical Nature 
of. Vapor Conduction," I have read it twice and have failed to 
catch its meaning. There is a little more metaphvsics in that 
section than I am used to. In engineering exposition I have 
always endeavored to explain everything in such a manner as 
to. produce a physical conception of it, and therefore the author's 
phrase, ‘* forcing out negative electrons from a cathode ” is too 
much for me. So also the statement that: 

* Accord ng to the assumption it should be noticed that the source of 
electrons is not the ion:zation of the gas or vapor within the container, as 
in many other experiments, etc.” 
merely means in plain language, that in the arc the current 1s 
carried by the vapor of the negative terminal, and not by the 
gas which fills the space between the terminals, as 1s the case 
in the electrostatic spark. Here again I see no reason to circum- 
scribe by hypothetical conceptions as the ionic theory, facts 
which are far plainer without it. It seems now to be the fashion 
among engineers to look at everything as done by ions. 

In regard to the spectrum of the mercury arc, I wish it were 
as stated. But the orange-yellow lines have a wave length of 
about 57 microns; that is, are on the green side of the yellow 
line of the sodium spectrum, and the yellow line is greenish- 
yellow. I would say rather that the lines are greenish-yellow, 
bright green, faint dark-green, blue, and two violet lines. Sev- 
eral of the lines are doublets or possibly triplets. 

In regard to the disclaimer in relation to the measuring of 
candle-power of mercury-arc lamps, I consider that as unfortu- 
nate, because it is the usual custom. Whoever invents a “new 
and revolutionary '" method of lighting, of wonderful efficiency 
far higher than anything ever dreamed of, always savs: the 
photometer does not show the efficiency of the wonderful light; 
you have to look at it to believe it. The fact is that the mercury 
lamp does not need that disclaimer. It is indeed of an extremely 
high efficiency. You can measure it by getting far enough ахау 
so that the inverse-square law can be used. If vou use it for 
onlv short distances, that does not hinder vou from measuring 
the total flux of light issuing from the tube at a sufficient dis- 
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tance to apply the inverse-square law. We have obtained good 
results with the ordinary paraffin block photometer, a sheet of 
tin-foil cast into a block of paraffin and held between the two 
sources of light. It 1s moved until both sides are illuminated 
with equal briliancy; the one from the incandescent lamp 
appears yellow and the other green. I have tried it, and had 
friends try it, and 1t is remarkable how close you can compare 
the yellow incandescent lamp with the green mercury arc lamp 
with the parafhin photometer, by continuously moving it 
slightly until you get a position of equal intensities. Another 
method of comparing values is the luminometer which, while 
not so accurate as the photometer, is accurate within a few per 
cent. The :uminometer can be used to compare mercury- 
arc lamps with other lamps. Luminometer tests gave the 
relative efficiency of the mercurv-arc lamp, using 160 watts to 
the lamp, 125 watts to the arc, and running from a 4-ampere 
constant-current series circuit, as slightly. higher than the 
450-watt enclosed direct-current carbon arc. That gives a 
measure of efficiency, which certainly shows the mercury lamp 
as very Satisfactory. 

The mercurv-arc rectifier, or vapor converter, as it is here 
called, of the constant-potential tvpe, I do not need to discuss, 
as it is a commercial article, used extensively for charging auto- 
mobile batteries and supplving direct-current power to telephone 
exchanges. On the constant-current mercury-are rectifier, I had 
the pleasure of reading a paper a vear ago at the Asheville con- 
vention, and discuss.d it there. Regarding Fig. 7, three con- 
verters in series, it 1s an arrangement of getting a higher voltage 
on the svstem than can be obtained from a single converter; 
since, however, as shown in my paper, 10,000 volts d'rect current 
can be produced bv a single rectifier tube, and numerous constant- 
current rectifier circuits are in operation at from 4000 to 7000 
volts, and that 1s probablv as high a direct-current voltage as 
any one would expect to use, I believe practically all ot the arc 
lighting work can be handled with a single tube. As regards 
the short-circuiting of the rectifier, my experience 1s that the 
tendency to short circuit at high voltage can be entirely elimi- 
nated by the design of the rectifier, and need not be feared. 
There is practically no voltage limit to the power which can be 
rectified; I think with moderate power we can get as high as 
25,000 volts direct current through the mercury-arc rectifier 
without short circuiting. 

President Wheeler: Will Mr. Wirt tell us something about 
the commercial experiences of the lamp? 

H. C. Wirt: Fight or ten circuits at different places have 
been in operation from three to five months. At first there was 
considerable troubie with the breaking of the rectifier tubes. 
due partly to static effects. At present each system is in the 
hands of an expert, with one or two exceptions, and I believe 
the system 15 going to be generallv satisfactory. The standard 
magnetite direct-current lamp is used on the systerin. 
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P. Н. Thomas: Dr. Steinmetz seems to wish us to infer that 
all our mercury vapor apparatus 15 an old story, and there is no 
novelty in it. Т do not know why it happened, then, that 
we all, including Dr. Steinmetz, had to wait until Mr. Hewitt 
showed us how to use it. Seriously, there is undoubtedly 
a similarity between the carbon arc or ony other arc, and the 
Cooper-Hewitt mercurv vapor apparatus, but there are also differ- 
ences, differences so great that a person who might under- 
stand the atmospheric arc thoroughly would have practicallv 
little or no help from such knowledge to enable him to utilize the 
mercury vapor apparatus. Substantially, they are not the same 
art. They have very different characteristics. The necessity 
of a high voltage, or touching and separating electrodes in start- 
ing, is characteristic both of the arc in the air and the mercury 
vapor lamp, but the causes are not the same. The resistance 
in starting the mercury vapor usually resides wholly at the 
surface of the negative electrode and not in the path between 
the electrodes. In the atmosphere arc, on the other hand, the 
starting resistance of the arc is largely the resistance of the air 
between the electrodes. If you bring the gap down so that the 
electrodes almost touch the arc will start at very low voltage. 
That shows that you do not have the resistance residing at the 
negative electrode itself, as 1n the mercury apparatus. 

I agree with much of what Dr. Steinmetz has said. As he has 
said, much of the matter that has been presented here has 
been given before—the greater part of it first by Mr. Hewitt. 

It is a matter of metaphysics, if you wish to put it that wav, 
whether we consider a conducting current to be due to a conduct- 
ing vapor bridge, or whether we consider electrons to be taken 
through the negative electrode and passed through to the posi- 
tive electrode. I think we of the AMERICAN INSTITUTE are 
glad sometimes to be metaphysicists. I think we are getting 
at what we want, however, and if there is no way in which we 
can do it except through metaphysics, there is no objection. 

In regard to the measurement of the candle-power of the 
Cooper-Hewitt lamp, or lamps of this character, I would say 
that it is true that lamps can be measured at such a distance as 
to have the law of inverse square hold, and it 1s true that there 
is no material difficulty in getting an exact setting, with the 
mercury vapor lamp on one side of a screen and an incandescent 
lamp on the other. But since the object of measuring candle- 
power between different lamps 15 to give an idea of the relative 
effectiveness of the light which he will get from 1t (I am consider- 
ing commercial tests) it would seem wisest to use such a method 
of measuring the power of a light as will most nearly indicate 
its effectiveness. 

I have not come across any installations supplying 7000 
volts, direct-current, and I would ask Dr. Steinmetz where thev 
are located. 

C. P. Steinmetz: Portland, Ore., and Glens Falls, N. Y. 
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Discussion on '* LOCAL ORGANIZATIONS, AT MILWAUKEE, Wis., 
May 30, 1906. 


President Wheeler: The INSTITUTE has given а great deal of 


attention to the interests of the members who are located at a 
distance from New York. The proposed revised Constitution 


closer contact with the members who live at а distance from 


that city. Our meeting held in Milwaukee this week 19 W 


We have 8 Committee. on Local Organizations, and we 
have chosen as the chairman of that committee one of our 
past presidents who was particularly active and successful 
in developing the INSTITUTE along the directions whic 


quTE, Mr. Charles E. Scott, oí Pittsburg. 
C. F. Scott: The Committee On Local Organizations held a 


interchange ideas. 1 will endeavor presently to give 8 general 


|] have found in My own mind а change of ideas regarding 
local organization". The expectations and plans of a few years 
ago have been subject to modification as the subject has grown 


initial purpose was to rovide means by which INSTITUTE mem 
pers could ot together locally, as 4 kind of adjunct to regular 
work О INSTITUTE. t was dificult to lay ou definite 


foresee and were different in different places 
were somewhat at fault in not being able to tell just how the work 
ought to be done, but now I believe it was wise not to prescribe 
definite plans, put to allow freedom for development. е 
branches are becoming an important organic part of the INST 
rute, which makes necessary & change in OUT general policy. 


scheme and plan of work, because conditions Were difficult to 
I 


1906.] DISCUSSION AT MILWAUKEE. 687 


BRANCHES AND INSTITUTE DEVELOPMENT. 


Before entering into details and methods let us first takea 
general view of the situation. The problem presents itself to the 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS ОЁ dealing with 
a membership which in the last five years, since Mr. Steinmetz 
was chosen president, has grown over threefold, from approxi- 
mately 1250 to 3800. How to get the best results for the 
engineering profession and the INsTITUTE as a whole on the 
one hand, and for the individual member on the other hand, 
is the problem now before us. It is a different problem now | 
from what it was when our INSTITUTE began some twenty or 
more years ago. It is different because “our membership is 
larger, because it is more widely scattered, and also because 
of the number of men in many different centers is becoming 
sufficiently great to enable these centers to begin a development 
of their own, to cultivate a self-sustaining interest and life in 
their local centers. This is something which was obviously 
impossible a few years ago. I need not discourse on the rapid 
development, quantitatively and qualitatively, of electrical 
engineering work in general, of the new lead it has taken in 
industrial and commercial life; the discussion on papers at this 
meeting shows how methods and apparatus which were known 
several years ago, but were not used to any extent, have within 
the past year or two received a new impetus, a new opening, a 
new opportunity, on account of this wonderful development. 
This is indicative of the new conditions which now confront us. 

Here is our INSTITUTE, grown three times as large in five years. 
In the same time electrical industries, as measured by their output, 
or by the capitai invested, have doubied. In five years more, 
if this rate of progress goes on, the industrial output w:li again 
be doubled, the demand for men wiil be doubied, our responsi- 
bilities as engineers wiil be doubled and the opportunities and 
responsibilities of the INsTiTUTE will be doubled. How shall we 
look forward to meet them? What new deveiopments, what 
new kinds of work, what new methods, are to be adopted by 
our INsTITUTE, which have not been necessary in the past? 
It seems to me that considerations like these are the large and 
important questions of policv and method which lie before us 
unstudied. It seems to me also that one method of meeting 
these new conditions is bv a broadened and general activity 
among our membership, and that that activitv can come largeiy 
through the medium of locai organizations. Неге are a dozen 
or twenty cities of considerable size scattered all over the country 
with large electrical interests, and electrical men increasing in 
numbers and ability. Electrical societies are soon going to 
spring up. These men are getting together. Theie is a common 
interest which will be an attractive force drawing them together 
for social acquaintance and professional intercourse. 

THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS has 
the opportunity of continuing to take the leadership by assisting 
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in the cultivation and development of these loca! groups, and 
at the same time drawing unto itself a new strength by making 
itself a national aggregation of these manv societies. 


LETTERS FROM BRANCHES. 


The recent letters received from branch officers indicate, 
both bv their general tenor and their suggestions. the lines along 
which this work may be profitably developed. In these letters 
I have noted three things in general in addition to the discussion 
specific topics | 

First; the branches consider themselves a definite, estab- 
lished, integral part of the INsTiTUTE. The question discussed 
is not whether branches should exist, but what relationship 
between the INSTITUTE and its branches and what methods will 
increase the effectiveness of their work. 

Secondly; every local organization stands on its own merits; 
its success depends upon its own activity. In one letter it is 
summarized thus: 

The success of all the local branches will depend entirely upon the 
number, character, and ability of the men composing them. 

Thirdly; It is recognized that the New York membership, bv 
whatever name it may be called will, on account of the number 
and character of those resident in New York, continue to be the 
large and controlling factor in the INstirutTe. This relationship 
is expressed in one report in this way: 

The entire INSTITUTE should be considered as made up of unit branches, 
each of the relative importanc it makes itself and each having propor- 
tionate representation and rights in the general management of the In- 
STITUTE. The parent organization should be the medium through 
which the efforts of the individual members may be transmitted to each 
other. 

The views thus summarized show a prevailing sentiment which 
is significant. The branches are not merely experimental 
adjuncts, but they are representative of a large and substantial 
portion of the INsTiTUTE membership, and are ready and anxious 
to share in its work and contribute to its success. 


PAPERS. 


It is the practically. unanimous view that the papers and 
discussions of the branch meetings should be placed on the same 
basis of merit with regard to publication as the papers which are 
presented in New York. 

Manv branches find that original papers, either based upon 
the topics taken up in the New York meetings or entirely inde- 
pendent subjects, are preferable to the reading and discussion 
of the papers which have been presented in New York. Papers 
of local interest, sometimes when coupled with excursions, are 
found profitable. | 

A wide field is afforded by the branches for securing material 
for the INsTITUTE. Опе report says: 
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The greatest good can be obtained in the branch meet ngs by having 
рарегз on technical subjects by engineers who apply 9 to practice їп 
their everyday work. |. 

These practical engineers are widely ааа апа ргас- 
tically the only way Бу. which the INSTITUTE can secure con- 
tributions from many of them is through contributions to 
the branch meetings. A wealth of experience should be pro- 
curable in this wav, which is not likely to come through the 
meetings in the metropolis. 


LocaL METHODs. 


Leaders: One report says: | 

There has been an excellent attendance and a live interest. I must 
confess, however, that the burden of the work has fallen on a few men. . 
. The same confession could probablv be made with regard to 
every branch, and, in fact, to the operation of the INsTITUTE 
management. The work wil always fall upon a few men 
and success depends in a large measure upon the securing 
of right men as leaders and upon their activity. There must 
be an active leadership which can secure interest and co-oper- 
ation from many busy men. 

Subjects of Papers: The kind of material, whether INsTITUTE 
papers or original papers or topical discussions, must be deter- 
mined by particular conditions. Subjects and methods which 
may be the best in one case are not useful in others. The success 
of a branch depends largelv upon the discretion and judgment 
exercised in the laying out of the programs. In some cases a 
division of the work of arranging for meetings has been made, 
bv which different members of the executive committee take 
charge of particular meetings. The definite placing of respon- 
sibility and, to some extent, the rivalry which results 15 found to 
be stimulating. 

Much depends upon the snap and tact of the presiding officer 
in making the meetings attractive and interesting. Occasionally 
a man of dignity and reputation is chosen, who lacks interest 
and enthusiasm. I am inclined to think that the latter qualities 
are more important than the former. 

Social Functions: Occasional dinners or the serving of light 
refreshments after meetings, or visits to electrical or other instal- 
lations are found to be helpful in various places. 

Such matters as regularity of meetings, attractive and explan- 
atory notices of meetings to be held are hefpful in sustaining 
a definite interest. 


RELATION TO [INSTITUTE MANAGEMENT. 


Several suggestions are made by which the management of 
the INsTITUTE may be made helpful to the branches and they 
in turn may be useful to the INSTITUTE. 

Papers Committee: А close relation between the papers сот. 
mittee and the local secretaries will enable an exchange of sug- 
gestions of topics and of authors. If a given topic is taken up 
in a number ot places it will draw from many sources. 
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Affiliation with Other Societies: The INsTiTUTE branches 
should be the local electrical societies, making unnecessary other 
electrical organizations. They should coóperate with local 
engineering societies, often taking the general relationship of 
electrical sections in them. The holding of electrical meetings 
which all members of the local society may attend may be found 
ample compensation for the use of the society’s rooms as a 
meeting place. 

Visits: Personal visits to the branches by officers or rep- 
resentatives of the INSTITUTE or by lectures should be ex- 
tended. Such visits have been found quite stimulating to a 
number of the branches. The labor and expense involved make 
this difficult to carry out on a comprehensive scale. On the 
other hand, if attention be given to the matter it will be prac- 
ticable to make a number of appointments, particularly through 
the agency of members who are traveling. 

The routine management of the INsTiTUTE'S affairs have in 
the past not taken much account of the branches. They how- 
ever, have developed and afford an opportunity for the adminis- 
tration of the INSTITUTE upon a broader basis. The best ways 
and means for carrving out this new relationship must be de- 
veloped by experience. The income of the INsTITUTE does not 
justify a verv large expenditure on account of the branches. 
The dues were fixed before the formation of branches was con- 
templated. Such matters as club features, reading rooms, 
refreshments, paid lecturers and the like, may be very desirable, 
yet the INsTITUTE treasury certainly cannot be called upon to 
meet expenses other than ordinary '' meeting ” expenses. 

University Branches: The meetings in universities meet with 
quite a wide variety of conditions. In some the INSTITUTE 
meetings are substantially an organic part of the educational 
system ; in others they are of less moment, precedence in certain 
institutions being given to local electrical or engineering 
societies. 

In general our electrical professors regard the local INSTITUTE 
meetings, and the connection of their young men with the INnstI- 
TUTE as members of its student class, as profitable and stimu- 
lating, particulary as it awakens a definite interest in practical 
engineering affairs. 

Professor Norris, of Cornell University, a member of the Local 
Organization Committee, reports as follows: 


The results of the Ithaca work during the present year have been satis- 
factory indeed. The discussions have been animated and helpful and 
the Branch is recognized as an important aid in our educational work. 
The presence of the Branch greatly stimulates interest in the INSTITUTE, 
which 15 evidenced by the number of applications for associate member- 
ship and student membership sent in from Ithaca. Our plan 1s to dis- 
tribute advance copies before the meeting and to assign the presentation 
of the papers to students or members who have had experience in the 
field covered bv the paper. A feature which we have found useful is to 
present biographical sketches of the writers of the papers. 
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A report from the University of Wisconsin shows that. the 
meetings have been well attended and a considerable interest 
developed. The attendance has been greater than in former 
years. 

From these and other reports the value of the relationship 
between the universities and technical schools and the INsTITUTE 
is shown to be well established. The principal problem in this 
work, as in that of the regular branches, is in the selection of 
methods which are best applicable to the particular conditions 
and to carry on the work in such a way as to make it live, inter- 
esting, and profitable. 


FuTURE PROSPECTS. 


There has never been an occasion in which the two elements, 
the officers of the INsTITUTE on the one hand, and the represen- 
tatives of the Branches on thé other, have ever gotten together 
as they did last night. In a measure I combine the two. I have 
been closely identified with the New York management, and 
I am also not a New Yorker, and have had the outside point of 
view. But some of my New York friends have had the strictlv 
New York view; they have not appreciated the point of view 
of the man outside of New York. On the other hand, the men 
in the branches have not seen some of the administrative diffi- 
culties; they have not had quite the view of the outside work 
as a whole which they should have. There has been something of 
misapprehension, something of criticism, now and then, which 
is a condition which will be removed when the two sides get 
together and talk it over as thev did last night. 

There is apparent on both sides, among the men fron the 
outside and among the officers from New York at this time, a 
firm conviction that the branches constitute one of the strong 
elements of the INsTiITUTE which must be fostered and developed ; 
that the means of carrying this out and the methods which should 
be used are hard to prescribe, and must be worked out one by one 
as a matter of development or evolution. I believe we have 
now, as we never had before, the conviction that the time is ripe 
for the branches, that this is the broad policy upon which to 
develop the INsTITUTE, and also the determination on both sides 
to work it out along the verv best lines. 

These, then are some of the elements of general policy: first, 
that the branches must be self-reliant; secondly, that the branches 
must be an important, recognized part of the INSTITUTE, making 
it in fact as well as in name a national organization; and thirdly, 
that the future methods of the INstiruTE must be such as о 
carry out these ideas, to help the individual branch as an indi- 
vidual thing and to incorporate into 1t an 1mportant feature of 
the work of the whole INsTITUTE, so that the branch itself can 
profit from the INsTiTUTE, and so that the INsTiTUTE as a whole 
can get the best results from the strength which comes from its 
branches. These are the general lines of policy upon which 
I think all are substantially agreed. 
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George O. Squier: There seems to be no doubt as to 
the value of the branches, and the question 1s as to the method 
of carrying out the suggestions for improvement. I was 
far enough away in California to have an outside view of the 
matter. About a year ago an attempt was made to start 
a local organization. We all knew we had plentv of ma- 
terial there, men who rank high in the engineering profes- 
ston, but we had peculiar circumstances to meet. We had. 
two rival universities close together, and each of them in close 
proximity to the city, and we had other men who had been 
connected with the universities and were at the time connected 
with commercial organizations, so that on the whole, for some 
reason not clearly definable, the branch in San Francisco was not 
started as early as it might have been. About a year ago, as I 
remember, the matter was agitated, and post cards were sent 
around to get the views of the men who might be interested, 
and we were surprised to find the number of people ready to 
cooperate. A hall was given us, the Mechanics Institute Hall 
in the Library Building there, and the meetings began, and it 
was really surprising to find how beneficial they were. We found 
the monthly meetings afforded an occasion for not only studying 
the TRANSACTIONS of the INsTITUTE, but of preparing something 
definite to present at these meetings, and thereby getting the 
opinions of good men, which we all wanted on certain Subic: 
‚апа which we would not get otherwise. 

These were forwarded, of course, to the Secretary, and some 
of them have appeared in the Proceepincs of the INSTITUTE. 
Another feature was that the engineering students of the uni- 
versities came into our branch in comparatively large numbers, 
so we started these young men who intended to make the pro- 
fession their life work, we got hold of them early in life, the 
learned what the INSTITUTE is, and they got acquainted with 
some of the men high in the profession, and altogether it was a 
very successful affair. | 

Another feature was that it encouraged original ideas. The 
members were induced to present ideas which would not have 
been brought out had there not been some occasion of that sort. 
We started with practically no rules; we thought we would 
allow the matter of rules to develop. I think that is an excellent 
idea, not to have too manv rules, in fact very few, as circum- 
stances vary in different parts of the country. We found people 
would bring out their experiences in one branch or another of 
the profession, and some of the discussions were excellent. 

Up to the time I left there, about a vear ago, the attendance 
was large and the whole matter was:considered by everv one as 
a perfect success. I believe in view of the recent disaster things 
have had a temporary setback, but I have no doubt the work 
will be taken up and will be continued, and I for one, from 
personal experience, know the value of these opportunities to 
get into touch with the parent institution. If you are kept for 
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several consecutive years outside of New York, you find the 
proceedings coming in year after year, but the distance away 
from headquarters tends to lessen the general interest in these 
things, but you find there is very much interest in having a meet- 
ing and discussion at some definite place and time. As far as ту 
individual experience goes, I testify to the great success and 
value of this sort of thing, and think it is one of the greatest 
objects we have or can have in view, and that is to nationalize 
this institution by a more vigorous coóperation among the 
branches. 

Kempster B. Miller: І ama great believer in local branch 
work and have had much opportunity to study it. I have been 
actively connected with the committee in Chicago for four vears, 
and chairman of it for two vears. I believe that I can sav our 
work in Chicago is successful. We have good attendance, usu- 
ally over 100, and lively discussions are the rule. 

In regard to the kind of man at the head of a local organization, 
I think reputation per se has little to do with it. The proper 
kind of manis the busy man. It is mv experience, after 
four years work, that it is the busy men, the men who ought to 
be doing something else, who have given us the best work on 
the committees. | 

Local branch work involves a great deal of work on a few 
men. That makes me believe that the committees as a rule are 
too large. I think ours is too large in Chicago. I think five 
good, strong men would make an ideal committee. 

Our plan in Chicago has been to have the committee meet 
occasionally at luncheon, when we could all spare a little time, 
to talk over the program for the next meeting and to delegate 
to two of our members the responsibility of arranging for each 
meeting and making all necessary provisions regarding it. In 
that way we have somewhat minimized the labor and also 
secured definite responsibility for each meeting. 

The greatest fault I see in the present method of handling 
the branch work is the lack of any sort of real coóperation be- 
tween the branches and the main organization. I do not put 
the blame or lack of coóperation anywhere. I am willing to 
take a good deal of the blame myself; but I believe that if some 
method could be had whereby the men in charge of the local 
branches could feel that they were part of the big organization, 
not only in name, but in fact, it would result in great good, 

I do not believe our branch in Chicago needs '' nursing," to 
apply Mr. Scott's term, but I do think that when any number 
or group of people are trying to further the interest of a great 
body, they can do a great deal better work if they all pull together. 
I believe one good way to bring about this cóoperation would 
be to have a representative in every important branch at least on 
the Committee on Papers. I think that would give an important 
working connection between the organizations. I think also 
it would be well to have some good committee in New York, 
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with perhaps an assistant secretary, to take up with the various 
branches in a suggestive way, an advisory way, and above all 
things in a helpful way, the work which the various branches 
are doing. 

C. P. Steinmetz: From my experience with local branches, 
and as a result of listening to the discussion, I believe there are 
two classes of local branches, educational branches and origin- 
ating branches. Some of the very active branches are mostly 
engaged in educational work, and closely connected with uni- 
versities. Their work consists in reading and discussing our 
papers with the students, using them for educational purposes, 
and they are related to the INsTITUTE as a feeder of the member- 
ship; they are interesting the students and the local engineers 
in the INsTITUTE, and inducing them to join it. These branches 
rarely have original papers read before them, and it is not the 
purpose thev are aiming at. А representative of these branches 
on the Committee on Papers would be of less utility, and would 
hardly be asked for. The other class of branches are those 
which read papers of their own, more or less original. These 
branches are of the same character as the Institute at large 
do tne same class of work,only toa lesser degree in quantity, 
though not quality, in accordance with the lesser number of 
members. "These branches may well be put on a certain equality 
with the New York Branch by giving them representation on 
the Committee on Papers, or, what I should consider preferable, 
hy permitting these branches to have a local committee on 
papers and giving this local committee on papers power to 
correspond with and be represented in the national committee 
on papers. 

There is one more feature which might well be considered, 
which I have not heard referred to, and which appears to me of 
importance in establishing the relations between the local organ- 
izations and the national bodv more closely. By the Constitu- 
tion it is required that the vice-presidents should be distributed 
geographically. This has not always worked out well and is 
difficult to do, because a quorum of the Board of Directors is 
required at the meetings which are held in New York. The 
chairman or delegate of every local branch should be informed 
of every meeting of the Board of Directors and should have the 
right to present at the meeting of the Board of Directors, have no 
vote, but merely the right to consult with the Board of Directors. 
In this connection I believe it might not be a bad scheme to 
extend representation in the Board of Directors, as consulting 
members without vote, to all the past presidents of the INstI- 
TUTE. The Board of Directors, which is the central executive 
and administrative body, should be in more continuous and 
close touch with the past historv of the policy of the INsTITUTE 
as represented by the past presidents as well as with the present 
history of the INsTITUTE at large, as represented in its local 
branches, bv having representatives of both on the Board for 
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consultation. The [INSTITUTE is growing so large and im- 
portant, that something of this kind appears to me desirable. 
I do not believe you can establish rigid rules for the local 
branches, but. must let the local branches work out their own 
salvation; but in this direction a very flexible committee on local 
branches in New York City, with considerable power, would 
very greatly assist the local organizations. The different experi- 
ences with different branches appears to me due to largely those : 
two main characteristics; a meeting in Philadelphia and a meeting 
at the Wisconsin University, while of the same intellectual 
standing, are inherently different in character and class of the 
work they do, and their organization and relation to the national 
body must therefore also be different, and different again must 
be the local organization in a place such as Schenectadv, which 
essentially represents an electrical manufacturing company. 
You cannot make rigid rules to cover all these cases. 

Samuel Sheldon: І think it is conceded by all that we have 
the success of the INSTITUTE at heart and, as suggested bv Mr. 
Miller, the advance of its interests can best be accomplished bv 
coóperation between the local organizations and the central 
executive board, which, by accident, happens to be in New York. 

Now, in order best to cooperate, we should consider what the 
elements of the success of the INsTITUTE are. From various 
criticisms and suggestions it appears that the success of the 
INSTITUTE is variously considered by various minds. Some 
consider that a large excess of income over outgo determines it ; 
others that a large volume of transactions is representative of 
success, for each member pets more in return for his dues; 
another class considers that superior quality of transactions, 
giving great prestige, is the element of success which 1s of the 
greatest importance. I consider that the social and instructional 
element is also of great importance. Another element which 
we all appreciate 1s the size and comprehensiveness of our mem- 
bership. Concerning the number of members of the INSTITUTE. 
when the local organization movement had its resurrection 
under President Scott, he expressed the opinion, in his opening 
address, that the potentiality of our membership was 25,000. 
He may have been too enthusiastic; he may have been correct. 
At any rate, that figure 15 much larger than our present member- 
ship, which is approximately 4000. The local Branches can 
greatly assist in increasing the roll of membership. They know 
of those who reside in their districts, the ones that are eligible 
as associates, and thev can persuade these gentlemen, if thev 
will, to join the INsriTUTE. If our present members would each 
one bring in a single new member during the coming vear, next 
year we could boast of 8000 members, and in a short time we 
would have our full complement. 

As concerns the income of the INSTITUTE, there are two 
things that the local organizations can do. Thev can at- 
tend to their financial obligations to the INSTITUTE and 
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they can ascertain the INSTITUTE requirements for transfer 
from Associate to Membership, one of which entails an 
increase in dues, and they can for themselves determine 
whether they are qualified for transfer. Should they find 
such to be the case, and should they merely communicate 
this fact to the Secretary, giving what evidence they have to 
sustain their positions, there will be no difficulty in their being 
transferred. There seems to be a great misunderstanding on 
the part of the members as to the work of the Examining Board. 
If Associates, who have in mind making application for transfer 
to the grade of Member, would carefully read over the INSTITUTE 
requirements, they could from these settle for themselves without 
any difficulty all questions as to eligibilitv. The dutv of the 
Board of Examiners would then be largely of a clerical rather 
than of a judicial nature. 

The determination of the bulk of the TRANSACTIONS, and the 
quantity of material which is to be published, is a question of 
policy. It can be made larger if it be desirable within reason- 
able limits, that are dictated by cost, or it can be made smaller. 
The quality of the subject matter in the printed publications 
of the INSTITUTE is a very important factor. The local organiza- 
tions can assist in improving that quality by corraling the talent 
in their vicinities. The Constitution, as I read it, in con- 
nection with the By-laws, limits the membership of the 
Committee on Papers to five. The number of volunteered 
papers read before the INsTITUTE is about 10 per cent. of those 
presented; that leaves 90 per cent. to be secured upon suggestion 
and invitation from the Comnuttee on Papers. Having a mem- 
bership of only five, and a necessarily limited acquaintance with 
the profession at large and with individual abilities, it can be 
seen how the committee is hampered by the conditions under 
which it is forced to act. 

Consider this other element which may be called social or 
instructive; as we nurture our children and instruct them when 
they are voung and before they take hold of the heavy battles 
of life, and as we advise them in their later problems and studies, 
so it is desirable that our great and growing mass of younger 
members should be nurtured and advised. А proper sphere of 
activity of the local branches 1s to instruct, advise and encourage 
and a great deal of material which none of us would care to have 
published in our TRANSACTIONS can be locally presented and 
yet be of great value to the younger members. 

It seems perfectly feasible and not very difficult to arrange 
so that the papers and discussions of the local branches shall 
receive the same editorial treatment as those occurring at New 
York or at the annual conventions; to arrange an equable dis- 
tribution of the expenditures, after deducting publication, 
executive, and reserve expenditures; and to arrange tor the local 
original presentation of papers from our best contributors. | 
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THE WORK OF THE INSTITUTE. 
BY SAMUEL SHELDON, President. 


At the last convention, held in Milwaukce, the question of the 
work of the branches of the INSTITUTE and their relations to the 
executive offices in New York revealed the fact that there was 
considerable lack of information concerning the scope of the 
INSTITUTE work and the method of carrying it on. The growth 
of the INSTITUTE as a National organization and the extension 
of its usefulness to its membership is so largely dependent upon 
the intelligent coóperation of the local organizations that it 
seems desirable that all should be familiar with its work. 


SECRETARY'S OFFICE. 


The Secretary is the executive officer of the INsTITUTE and 
has charge of all of its routine work. Because of his familiarity 
with all phases of the work, he is being constantly called into 
conference with the officers and committee men over questions 
of policy, ways and means. He receives many calls from mem- 
bers visiting New York, and is often able to assist and give 
valuable advice and introductions in furtherance of professional 
purposes. This is especially true in the case of members coming 
from foreign countries. In carrving on his work, except that 
which he is, by the Constitution, required himself to perform, 
he has the assistance of a staff of six assistants besides an editor 
and a bookkeeper. The character and amount of routine work 
done during the year ending April 30, 1906, is indicated by the 
following: 


INSTITUTE OFFICE STATISTICS FOR YEAR ExNpiNG May 1, 1906. 


During the year there were 9802 letters received, entered, and 
filed, and more than 4000 written. There were 2760 changes of 
address made in the catalogue, directory, mailing-list and card- 
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index. This indicates that the addresses of more than 70 per 
cent. of the members were changed during the year. 

The number of bills rendered was 5928, items of remittances 
received, 4858; bills received and checked, 825; checks and 
warrants drawn, 338. 

There were 572 applications for election received, and in con- 
nection therewith, 1716 endorsement forms were issued, of which 
1638 were returned. The number of applicants for transfer 
was 53, involving the forwarding and return of more than 600 
inquiry forms for the consideration of the Board of Examiners. 

Seven editions of monthlv announcements, aggregating 96 
pages, were prepared and distributed. 

Numerous notices and circular letters were prepared, printed, 
and distributed to the membership. These related toa variety 
of subjects, such as INsTITUTE meetings, convention, proposed re- 
vision of the Constitution, proposed law regarding the metric 
 svstem, invitations to visit Europe from our sister societies in 
England and Italy, and other IxsTiTUvTE business. 

The number of pages of engineering papers and discussions 
edited and proofread for publication in the TRANSACTIONS, was 
1138. In connection therewith 91 half-tone, 196 wax, and 6S 
zinc, engravings were made. In addition to the above men- 
tioned engineering papers, there were about 250 pages of current 
INSTITUTE news prepared and published in the monthly Pro- 
CEEDINGS, and not included in the TRANsAcTIONS. More than 
54.000 copies of the INsTiTUTE PROCEEDINGS were mailed; 
60.250 advance copies of engineering papers were printed and 
distributed. | 

The cost of the year's work, for the TRANSACTIONS, salaries, post- 
аре, express, stationery, printing etc., was $40,767.22, or $10.48 pcr 
member. The total receipts per member during this period 
were $12.97, and therefore five-sixths of the receipts were dis- 
bursed in the interests of the membership at large, irrespective of 
location. 

THE Волкр or DIRECTORS. 


The Board meets regularlv once a month and performs the 
duties customary with such a bodv. It makes appropriations, 
approves bills and recommendations from committees, and de- 
termines and outlines broad questions of policy. 

The Constitution authorizes the appointment of an Execu- 
tive Committee of seven members to which the Board may 
delegate certain of its powers. This provision was made to 
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enable the INsTiTUTE work to go on in case a quorum of the 
Directors could not be obtained. However, the Executive 
Committee has had but few meetings in several years, because 
of the large attendance of the Directors, and their great interest 
in the INSTITUTE work. The members of the Board are as a-rule 
quite familiar with details. Their attendance is probably due 
not only to their immediate interest in the INSTITUTE work, 
but to the fact that the meetings offer an opportunity. for pro- 
fessional intercourse between its members. With a wider geo- 
graphical distribution of the membership of the Board, it might 
in the future seem desirable to make greater use of the Executive 
Committee, but one or two meetings per year of the full Board 
being held. Under such circumstances it might seem advisable 
to furnish free transportation to the members coming from a 
distance. | 

As is usual in similar organizations, much work is performed 
by committees under the immediate direction of their respective 
chairmen. The general character of the work of these com- 
mittees, and some of the problems which they are endeavoring 
at present to solve, follow: 


THE BoaARD OF EXAMINERS. 


This board receives from the Secretary all applications for 
membership, or for transfer, passes upon the qualifications of the 
various applicants, and makes recommendations to be acted upon 
by the Board of Directors. The requirements for election as 
an Associate are so easily fulfilled that only about 2% of the 
applicants fail to qualify. 

The requirements for transfer to the grade of Member are 
specifically stated in the Constitution, and it 15 desirable that 
a high standard should be maintained. It seems as though 
applicants for transfer could readily determine for themselves, 
from a perusal of the Constitution, whether or not they are 
eligible for transfer to this higher grade. A large portion of the 
labor of this committee is due to the loose and indefinite manner 
of filling out the specification papers on the part of the applicant; 
and the tendency to refer to members of professional eminence, 
or those prominent in INsTITUTE work, rather than to members 
whoare familiar with the applicant's career and who are competent 
to corroborate the statements made in his application. Careful 
reading of the Constitution and By-laws; definiteness in filling out 
the application blank, and proper selection of references, will 
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facilitate the work of this committee, and materially reduce the 
time necessary for transfer. 


THE COMMITTEE ON INCREASE OF MEMBERSHIP. 


The removal of the Executive Offices to the new Engi- 
neering Building will entail an increased expenditure for 
carrying on the INsTITUTE work. To provide for this, the sim- 
plest method seems to be to increase the membership. The Sec- 
retary’s staff is able, with slight additional expense, to take care 
of twice as many members as we have at present. The increase 
of expenditure incurred by the increase of membership will be 
due to an increase іп the number of TRANSACTIONS, of printing, . 
and of postage. The enormous annual growth of the electrical 
industries is accompanied by a similar increase in the material 
avalable for membership; and the figure of 25,000 possible 
members given by President Scott in his inaugural address, 
seems by no means to be extraordinarv. While 1n recent con- 
ference with a member, concerning the make up of a committee, 
of the several names suggested as suitable for appointment, 
one half were not to be found in the Institute directory. The 
small number of members in some of our states, to which Presi- - 
dent Scott called attention, has not been materially increased. 
Perhaps this is due to the fact that persons eligible for member- 
ship are engaged in the operation of plants of but medium or 
small size, and that in our papers and discussions sufficient 
attention has not been given to this kind of work to stimulate 
their interest and warrant their enrolment. One of our fore- 
most and largest universities, with an electrical engineering course 
in its curriculum, has not a single person connected with it whose 
name appears upon our rolls, nor does its library subscribe for 
our TRANSACTIONS; on the other hand, another of our large 
universities has connected with it 22 Members and Associates. 
This committee is about to take active measures to bring to the 
attention of non-members the advantages to be obtained from 
membership in our organization. 


THE CoMMITTEE ON TELEPHONY. 


Complaints have been received from members engaged in 
telephone work, that not sufficient attention has been given in 
the past to this subject; and in some cases resignations have been 
threatened for this reason. It istrue that the number of papers 
presented on this subject has been few, although those pre- 
sented have been bv the most eminent authorities, and some of 
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them have been classic in character. This committee will take 
measures to increase the usefulness of the INSTITUTE to this art, 
by arranging for meetings on this subject, designed to bring 
out discussion from members who are too busy to prepare papers, 
these meetings to be held at various branches instead of at New 
York. It will also assist the preceding committee in widening 
our membership in telephone circles. 


THE COMMITTEE ON LOCAL ORGANIZATIONS. 


A marked increase in the usefulness of the INSTITUTE cannot 
be accomplished except through the coóperation of the executive 
committees of the branches. It is therefore desirable that the 
branches should be well organized, and that their work should 
be carried on in a manner as efficient as possible. It seems 
desirable that in most cases their executive committees should 
be made up of but five members, and that the time of their 
election should be shortly after the regular INsTITUTE election, 
to enable them to make preparation for active work when the 
INSTITUTE year starts in September. А larger committee 
enables the members to shift upon each other's shoulders the 
responsibilities for good branch work, which results in a lack 
of coordinated effort. The exceedingly attractive program 
of the Schenectady Branch for the coming season has, however, 
been arranged by a committee of nine. The branches should 
be in constant communication with the Secretary’s office, not 
simply that the progress of their work may be known, but so 
that they may give and receive suggestions with a view to attain- 
ing a greater efficiency. The branches can be of great assistance 
in increasing the membership by exerting organized efforts in 
the localities of which they are centres. They can, without 
undue loss of dignity, from immediate knowledye suggest to 
Associates in their vicinity the desirability of making applica- 
tion for transfer to the grade of Member. The transfer, it is 
true, means slightly increased dues; but this slight additional 
cost is more than compensated for by the prestige resulting from 
the official recognition of the applicant’s professional attain 
ments and standing by the INsTiTUTE'S Board of Directors. 

Furthermore, such slight additional expense is but a small 
matter to such members; and it is their duty to the organization 
which represents their profession to enroll themselves in its 
advanced grade. 

Interest in the branch meetings will be hard to sustain if the 
programme consists chiefly of papers that have been previously 
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read in New York. It is very desirable that original papers 
should be presented, and that local talent should be brought 
to the front. Efforts should also be made to obtain original 
papers from men eminent in our society, but who live at a dis- 
tance. This has been done with marked success in some branches 
and discussions of great value have been drawn from those in 
attendance, but from whom formal papers could not be obtained 
without great difficulty. Arrangements will be made in the 
future to publish the best of these papers in the TRANSACTIONS. 

Experience shows that eminent engineers coming from a dis- 
tance take great pains to please their audiences, and are rewarded, 
encouraged, and helped by the svmpathetic attitude of their 
listeners. Lectures or instructional papers, by local members 
of expository ability, dealing with prior art and conditi ns, 
underlying theory, or present standard practice, are of particular 
value to younger, rising members, and properly find a place in 
the branch program. It is also desirable that an annual calen- 
dar, including the dates of future branch meetings, should be 
made up, to enable the Secretary's office to coóperate with the 
executive contmittees of the branches. All this work of the 
branches will be coórdinated and assisted through the efforts 
of the Committee on Local Organizations. 


THE COMMITTEE ON HIGH-TENSION TRANSMISSION. 


The results of the work of a committee thus designated, pub- 
lished during 1902-3, proved of such great value that thev were 
reprinted and bound in a single volume under the auspices of a 
publishing company in coöperation with the INSTITUTE, and 
placed upon sale so as to be accessible to the public. In view of 
the many systems installed since that time, and the large number 
of proposed systems for transmission over much greater diz- 
tances than ever before, which will use increased voltages, 
involving many difficulties of insulation, of protection, and of 
construction, the reappointment of a committee for this work has 
been deemed advisable. The meetings arranged by this com- 
mittee will be held at interior points in order to insure wide 
representation, large attendance, and full discussion. 


THE LIBRARY COMMITTEE. 
This committee has a great deal of work in hand. Besides 
installing and systematizing our present library in its new 
quarters, some organization for coóperative management in 
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connection with the libraries of the Mining and the Mechanical 
Engineers should be effected. By the Constitution, this com- 
mittee 15 required to direct the expenditures for the furnishings 
which will be required in the new executive offices. In the past 
the library has been but of small use to the members not residing 
іп New York and its vicinity. It is expected that in the near 
future arrangements will be made by which distant members 
can obtain lists of publications on desired subjects, abstracts, 
and translations for a nominal fee. This committee will also 
prepare an authors’ and subject index of the TRANSACTIONS, in 
which will be included the papers presented at the International 
Electrical Congress, held at St. Louis in 1904. 

To meet adequately the requirements of the membership repres- 
ented by the United Engineering Society, extensive additions 
should be made to the existing three libraries. Competent au- 
thorities have considered this question, and have concluded 
that there should be an immediate expenditure of $125,000, and 
a fund which would provide an annual income of $30,000 to be 
expended for maintenance and operation. 


THE COMMITTEE ON BIBLIOGRAPHY. 


This committee expects to have in press by next December 
a chronologically arranged, annotated bibliography of the 
Wheeler Gift. In addition to the main bibliography of books 
and periodicals there will be appendices covering a great part of 
the pamphlet literature, including parliamentary papers, patents 
and litigation, trade catalogues, prospectuses and reports on 
projected undertakings in telegraphy, cable and telegraph 
tariffs, and instructions to operators as to the care and use of 
instruments, and extracts cut from periodicals not devoted ex- 
clusively to electrical subjects. The book will contain about 
500 pages. Its preparation has entailed a great deal of labor, 
and the manuscript has been critically examined at the British 
Museum, in the libraries of several of the European electrical 
associations, and in our own Congressional Library. 


THE EDITING COMMITTEE. 


This committee, upon which rests the responsibility of the 
publications of the IxsTiTUTE, has in the past been burdened 
with a mass of correspondence and critical reading which it is 
unfair to expect without compensation. There is no valid 
reason why the responsibility should not be delegated to the 
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Editor and the labor be performed іп the Secretary’s office. 
Furthermore the services of this committee are needed in other 
directions. The monthly PRocEEDiINGS, because of the charac- 
ter of its contents, appears irregularly and frequently remains. 
unopened or unread upon its receipt. This condition should 
not be allowed to persist. Every number should contain such 
fresh, interesting and valuable material as to excite curiosity 
and command the immediate attention of him who receives it. 
It should be the official organ of the INsTITUTE in fact as well as. 
іп пате. Its ephemeral portion, besides containing the announce- 
ments from the Executive Offices,'should contain news concerning 
the individual members and the branches. 

The Editing Committee will consider this matter with a view 
of not only making the PrRocEEDINGS more attractive but of 
increasing its value as an advertising medium. 


THE COMMITTEE ON STANDARDIZATION. 


Professor F. B. Crocker and Mr.C. O. Mailloux of this committee 
represented the INSTITUTE at a meeting held recently in England 
in which ten nations were represented. An organization of an 
International Electrotechnical Commission was effected in which 
the INsTiTUTE, as representing the United States, will be en- 
titled to one vote: This commission will probably meet during 
the coming year. This committee also has in hand the rearrange- 
ment and reclassification of a report which was presented, ina 
preliminary form, at the last convention of the INSTITUTE. 


COMMITTEE ON NATIONAL ELECTRIC CODE. 


This committee will continue to look after the interests of 
the INSTITUTE in the meetings of the National Conference on 
Standard Electrical Rules and the Underwriters National 
Electric Association. 


THE COMMITTEE ON Law. 


This committee considers the legal aspect of actions about to 
be taken by the Board of Directors, interprets the Constitution 
and By-laws,and makes recommendations concerning their 
amendments. 


THE COMMITTEE ON PAPERS. 


This committee, besides carrying on the usual work of arrang- 
ing for meetings and directly soliciting papers, expects the 
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coóperation of the executive committees of the branches and 
of the Committee on Local Organizations in its work. With 
this assistance it expects to present an attractive program. 


THE CoMMITTEE ON FINANCE. 


The direct supervision of the financial affairs of the INsTITUTE 
is entrusted to this committee, approval of all bills for payment 
and recommendations as to the investment of funds resting 
with it. The financial arrangements attending the removal of . 
the IxNsTiTUTE offices into the new Engineering Building and 
the details of the adjustment of our financial relations with the 
United Engineering Society will be considered by this committee. 


THE BvuiLDiNG FuNp COMMITTEE. 


As a result of the admirably directed efforts of this. committee 
$132,000 has been raised; of this $94,000 has been paid and 
$38,000 is in the form of time-pledges. It is hoped and ex- 
pected that when the new building is formally given over to the . 
United Engineering Society during the coming year, the whole 
amount of $180,000 due from our INsTITUTE will have been 
raised. The architect a few days ago stated that the building 
will be ready for our occupancy on Dec. 1, 1900. 

This building is bound to become a center of activity which 
will help to shape the destiny of our nation. The present re- 
markable epoch which Mr. George S. Morison states is charac- 
terized by “the manufacture of power," is due primarily to the 
professional activities of the members of the three founder 
societies whose representatives form the holding and adminis- 
tering corporation known as the United Engineering Society. 
Our work does not end here. Having brought about this con- 
dition, it now rests with us to control it. Оп us, then, rests 
largely the responsibilitv for the overcoming of the short-sighted 
and selfish extravagance in the use of our natural resources so 
recently commented upon by Mr. James J. Hill. Theimmediate 
future, prophetically described by Mr. Hill, with its expensive 
fuel, its scarcity of iron, and its large population will demand 
from these members a more efficient transformation, transmis- 
sion, and utilization of our supplies of stored energy, and a more 
extensive use of our immediately received energy. The new 
Engineering Building stands for the fulfilment of this great 
purpose. 
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THE CURRENT TRANSFORMER. 


BY KENNETH L. CURTIS. 


The current transformer, although mentioned but briefly in 
electrical literature, is one of the most indispensable of meter 
auxiliaries. By means of it currents of any magnitude may be 
measured with accuracy with the smallest of instruments. It 
enables us to use ammeters and wattmeteis in circuits of the 
highest voltages. By the use of current transformers of dif- 
ferent ratios we can use meters of the same size and capacity 
in circuits of widely varying power and voltage, thereby greatly 
facilitating the calibration and maintenance of the instruments. 

The use of transformers in connection with alternating- 
current ammeters and wattmeters is absolutely necessary in 
either of the following cases: first, when the voltage of the 
circuit is so high as to render it unsafe to connect the instru- 
ment directly into the circuit; secondly, when the current to be 
measured is greater than the capacity of the instrument, and 
conditions prevent the use of a shunt. In the first instance 
the transformer insulation is made sufficient to protect the in- 
strument from the high-voltage circuit. In the second case 
the ratio of turns is made such that the current through the 
instrument is within its capacity. In nearly all cases of alter- 
nating-current measurements one or both of these conditions 
are met with. 

The current transformer, like all other transformers, consists. 
of an iron magnetic circuit interlinked with two electric circuits. 
The primary is connected in series with the line, the current of 
which is to be measured, and the secondary is connected to the 
instrument terminals by leads of low resistance. With these 
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connections it is evident that the meter-reading will go up and 
down with the line current ; and although the ratio of the meter- 
reading to the line current may not be the same at all times, 
any one value of the current will always give the same meter- 
reading. If the instrument were in all cases calibrated in con- 
junction with the current transformer with which it is to be 
used, the only points necessary to consider in the design of the 
transformer would be the heating and insulating. In well- 
designed current transformers, however, the ratio of primary 
to secondary current is nearly constant for all loads within de- 
sired limits, so it 1s not necessary to test the instrument with 
its own transformer except when it is to be used for refined 
measurements. 

In order to predetermine the behavior of a transformer it is 
in general necessarv to know: first, the resistances and re- 


actances of the primary and secondary windings of the trans- 
former and of the external secondary or load circuit: secondly, 
the amount and power-factor of the exciting current at the 
various operating flux densities in the transformer core. 

In the case of the current transformer, while it is desirable 
to keep the primary resistance and reactance as low as possible 
to prevent undue loss of energy, the behavior of the transformer 
is not affected by their magnitude, as the secondarv current 
depends only on the ampere-turns supplied to the core by the 
primary winding. 

The factors which enter the discussion of the current trans- 
former are shown in the diagram, Fig. 1. 

Г, 15 the secondary current. 

r and x are the resistance and reactance of the secondary 
circuit. 
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Е, = I,r—jĵ 1, х is the voltage consumed іп the secondary 
circuit. 

ф is the total flux of the transformer; it is proportional to 
E, and is 90? behind Е,. | 

I,is the exciting current consisting of the wattless component 
1,, and the power component due to hysteresis and eddy currents 
Јо. 

І, = I,— І, is the total primary current. 

w is the angle between the secondary e.m.f. and current. 


Y я i x 
COS w = — sın w ——— 
Vr + x? Vr? + x? 


0 is the angle between the primary current and the reversed 
secondary current. 


horizontal component of the primary current 


cos 0 = 
primary current 


k = ratio of transformer, is the factor by which the instru- 
ment reading (/, must be multiplied to give the primary 
current. 

1, 


For ammeters k = T 
2° 


E I н 
For wattmeters the ratio is nearly L but is influenced by 


2 


the angle 6. The exact effect of the angle 0 depends on the 
power-factor of the load measured. If the power-factor is 
0 . E 
соз y leading current it is evident that the wattmeter and am- 
meter ratios of the transformer will be the same, for the effect 
; 0 ; 
of the angle 0 will be to cause the meter current to lag P] behind 
the line electromotive force, thereby giving the same reading as 
though it led by the same amount. For leading-current power- 
factors of less than cos 2. the wattmeter ratio will be less than 
the ammeter ratio; for all other values it will be greater. 
Given 7, x, Im, and Iw, to determine J, and б. 
The horizontal and vertical components of /, can easily be 
obtained from Fig. 1 as follows: 
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Horizontal Component. Vertical Component. 
- 12 12 
1м IM sin ш IM cos w 
Iw Iw cos ш Iw sin w 
I, = 1м+1х Im sin w+ Iw cos ш Ім cos w+ Iw sin w 
y= 15-12 12+ IM sin w+ Iw cos w Ім cos „+ Iw sin w 


1, = /,I,smnoctlo cos ш)? + (Im cos ш + Го sin)? 


Um I,+Im sin о + Го cos w 
1, 

From the foregoing it will be seen that if we can determine 
the quantities r, x, Im, and Го we can readily predetermine the 
behavior of the transformer. 

Owing to the low magnetic flux densities at which the trans- 
former works, the values /,„ and J. can not be measured with 
the ordinary available instruments; r is readily obtained, but 
x 1S so low as to require special means of measurement. These 
quantities will be taken up in order, and the means used to 
determine them discussed. 

(1) The Determination of the Value of x: This quantity is 
made up of the inductance of the meter and leads, plus the 
self-induction of the secondary of the transformer. 

The inductance of measuring instruments is so small as to 
present serious difficulties in its accurate determination. After 
several unsuccessful attempts at bridge-methods the following 
means was hit upon. 

With connections as in Fig. 2, L,, L,, and C are adjusted so 
as to give a sine-wave current of desired value through x the 
unknown inductance.* А hot-wire voltmeter of extreme low 
range is connected across x. Simultaneous readings of the 
voltmeter and ammeter are taken. The voltmeter is non- 
inductive, so its current / is in phase with the voltage E across 
x, and both E and / are known from the reading of the instru- 
ment. Consider the portion of the circuit containing the un- 


*Rvan, Cathode Ray Wave Indicator, Transactions A. I. E. E., 
Vol. XXII. 
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known impedance and the hot-wire voltmeter, Fig. 3. x is 
the unknown reactance. К is the resistance of the hot-wire 
voltmeter and E its reading. J, is the total current read on 
the ammeter in Fig. 2. In branch circuit x А, 


L^ 


0000 0L 
7 "EN 
2900000 
C 
Fig. 2 


(1) E = I, A/(R,Y Ex! in which both J, and x are unknown. 
Square (1) and divide by Ку. 


2 „2 
(2) = piih d 
К i 
, 
a lz 
X Re 
l; 
| | 
| Rr | 
Ind too E~ —— 
l, 
Fig. 3 


Equation (2) is represented graphically in Fig. 4. L0 = 
tan" = is the angle between /, and E and hence between I, 
and /,. 

The current J; is the vector sum of J, and /,. 

(3) I? = 12+1,2+2 1,1, cos б. 
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In the quadrant in Fig. 5,0 E is taken as the direction of the 
electromotive force E. І, is taken as radius, and OA = І, is 
laid off in the direction О E. At some point В on this quadrant 
the distance A В = J, and the angle 0 the angle between /, 
and Z.. 

By superimposing the semicircle as Fig. 4 on the quadrant 


of Fig. 5 so that the points A A coincide and = has the direc- 


tion O E, the point of intersection B gives the value of J which 
satisfies both (2) and (3). xis obtained by inserting this value 
of J, in (1). This graphical solution is simple and is amply 
accurate for all purposes. 

By this means a number of meters were measured. The values 
of x in volts per ampere for several of the instruments tested 
are as follows: 


E B 

xl 

1. 

» Fig. 5 
Five-ampere indicating ammeter............... x = 0.0390 
Three-ampere recording уаїётеѓег............... v — 0.0842 
Two-ampere indicating wattmeter.......... x 0.1205 
Three-ampere indicating wattmeter..............x = 0.2140 
Two-ampere indicating ammeter................ x = 0.2930 


The self-induction of the transformer secondary is too low 
to be easily measured but can usually be computed from the 
constants of the transformer. 

In the following discussion one of the present commercial 
types of current transformer will be taken up and its ratio com- 
puted by the foregoing theory. 

The core is a ring of the dimensions given in Fig. 7. 

Weight — 5.422 lb. 

Volume = 19.14 cu. in. 
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116 laminations 0.014-in. thick. 

Length of path of flux =: 11.78 in. 

Area of path of flux = 1.637 sq. in. 

Due to symmetry, the only possible path for leakage flux is 


Fig. 6 


around each individual conductor as indicated by the dotted 
line in Fig. 8. The flux set up in this path per centimeter per 
ampere multiplied by the length of wire in centimeters gives 
the total secondary leakage flux. 


QUE M D E 


The secondary winding consists of 300 turns of No. 16 double 
cotton-covered wire wound symmetrically around the core as 
close as.good insulation will permit. (The rated secondary 
current is three amperes.) 

Diameter of wire — 0.05 in. 


Digitized by Google 
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Distance between wires = 0.06 1n. 


4лпІА 
Qu 


MAGNETIZATION CURVE OF CURRENT TRANSFORMER CORE 
AT LOW DENSITIES 


KILOMAXWELLS PER SQUARE INCH 


01 02 03 0.4 05 06 OF UN OU 1 11 12 13 14 15 16 
AMPERE-TURNS PER INCH 


1 = zx0.06x2.54 = 0.479. A is variable. It is 0.01 in. 
between wires, about 0.03 in. between wire and core, and sev- 


HYSTERESIS LOSS IN CURRENT TRANSFORMER CORE 
AT LOW OENSITIES 


S Ww R 4 1d5 I WwW BW X4 WB B 
KILOMAXWELLS PER SQUARE INCH 


eral times this value on the side of the wire away from the 
core. А value of 0.04 is probably large but will be used in this 
computation. 


1906.] CURTIS: CURRENT TRANSFORMER. 715 


A in centimeters = 0.04 2.54— 0.1016 .. ф = 0.267 per cm. 
Total length of wire = 5410 centimeters. 
. @ total per ampere = 1445. 


60x 4.44 1445 


x in voltage per ampere = 108 


— 0.00385 


Fig.12 | 


The reactance of the transformer is therefore practically 
negligible. 

The total reactance of the secondary circuit is but slightly 
greater than that of the meter which for a three-ampere trans- 
former will be from 0.1 to 0.2. 

Current transformers are largely used to supply relays for 
various purposes. The reactance of a relay is high and is 


Digitized by Google 
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variable. The effect of a high reactance on the transformer 
ratio 1s shown in the ratio curves, Fig. 13. 

(2) The determination of Im and Iw. 

As has been stated, the magnetic flux density at which the 
current transformer works is so low as to render it practically 
impossible to measure the exciting current and core loss by 


CURRENT TRANSFORMER 
RATIO CURVES 
60 CYCLES. 
*1 R= 2 X= .0 
*2 R-8.5 X= 2 
*3 R-3.5 X= .4 
#4 R- 3.5 X=3.5 


RATIO FER CENT 


1.5 3 2.5 
AMPERES SECONDARY 


ammeter and wattmeter. For this reason the magnetization 
curve Fig. 10, and the hysteresis-loss curve, Fig. 11, of the 
transformer core were obtained by the ballistic method. 

The portion of /, due to eddy currents was obtained by com- 
puting the ampere-turns necessary to compensate for eddy 
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currents in the following manner: the ampere-turns due to 
eddy currents are numerically equal to the current which cir- 
culates in any lamination. 
Consider a lamination of width b and thickness f. ! 
The electromotive force generated in a circuit of differential 
section, Fig. 12, is: 
Е = 2144/2 n B,4, 10° 


I per inch in length of laminations = Roper ich 
реа = 22 К К, = 3.927 microhms 


i- 2bN/2z Bmax ft 


T А 
2b R, 10° tidti= 0.001415 B4 ft 


I per inch = 


0 
The following table gives the computation of ratios of the 


transformer under average working conditions. The resistance 
of the secondary circuit is taken as 3.5 ohms which gives the 
rated full load of the transformer, 40 watts. The reactance is 
taken as 0.2. 300 secondary turns, ratio = 1:1, r = 3.5, 
x = 0.2, 60 cycles, sin = 0.05705, cos = 0.99837. 


I» . 0.5 1 1.5 2 3 4 

E» 1.7528 3.5057 (5.2585 17.0114 |10.517 14.0228 

E2 per turn 0.005843 0.011685 0.017528 0 .02337110.035057 | 0.046742 
фтах 

В = а= 223910E2perturn| 1341 2673 4020 5360 8038 10718 

А-Т per inch from curve 0.6 0.873 1.056 1.07 1.334 1.461 

Ім = А-Т per inch хы? 0.0235  |0.034201/0.04137 [0.045836 0.05226 | 0.057237 


Iw (hysteresis) = 
eee watts 0.002621/0.00655 |0.0102 [0.0131 | 0.01856 | 0.023258 
I (eddy currents) = 


А-Т due to eddy currents |j 99114410 .00228 [0.00343 [0.00457 | 0.00686 | 0.00915 


300 
Iw (total) 0.003764,0.00883 0.01363 |0.01767 | 0.02542 | 0.032408 
1} 0.50563 |1.0113 1.5164 12.0208 | 3.0288 | 4.036 
Ammeter ratio 1.01126 {1.0113 {1.0109 11.0104 1.0096 1.009 
cos ( 0.9989 0.9994 0.9997 0.9997 | 0.9998 | 0.9999 
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The curves in Fig. 13 show the ratios from 0.5 to 4 amperes 
for several values of resistance and reactance. These curves 
were computed from the constants of the instrument. The 
computations for curve 2 are given in the foregoing table. 
Curve 1 shows the effect of resistance alone on the ratio. 
Curves 2, 3, and 4 are the actual working curves of the instru- 
ment and so closely resemble the laboratory and factory tests 
on this type of transformer that they could easily be mistaken 
for the actual tests. 

From the foregoing it will be seen that the factor which 
prevents a constant ratio of secondary to primary current for 
all loads is the exicting ampere-turns. The smaller these are 
in proportion to the total ampere-turns of the transformer and 
the lower the power-factor of the exciting current the more 
nearly will we approach a constant ratio. 

Assuming the secondary to have as low resistance and react- 
ance as is practicable, to obtain the best results we must make 
the magnetic circuit so as to have as low values of reluctance, 
hysteresis, and eddy currents as possible. That is to say, if 
the secondary has as low resistance and reactance as is practicable 
the best current transformer will be the one containing the most 
iron of the best quality in the form of the thinnest laminations. 
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THE AUDION. * 
A New RECEIVER FOR WIRELESS TELEGRAPHY. 


BY LEE DE FOREST. 


The story of the development of a device of a distinctively 
new order, from its first inception to its practical reality, adds 
a human interest to its description which is perhaps too often 
lacking among scientific records. In 1900 when I was beginning 
experiments on the electrolytic responder, it was my good 
fortune to have to work upon it at night in my own room, at 
a table beneath a solitary gas-burner with Welsbach mantel. 
My source of hertzian waves was the discharge of a small in- 
duction-coil placed in an opposite corner and set into operation 
by a key closed by pulling a string. 

_ One night I noticed to my surprise a decided diminution in 
the light from the incandescent mantel whenever the coil was 
sparking. The constant recurrence of this effect induced me 
to investigate. By proper adjustment of the inflow of gas and 
air to the burner, an almost complete extinction of its light 
was obtained during the sparking of the coil. Another adjust- 
ment even allowed an increase of the light above normal For 
several days I was elated over the tremendously sensitive and 
altogether novel type of hertzian-wave responder thus acci- 
dentally discovered. But alas for the over-sanguine spirits .of 
the young investigator! When I thrust my induction coil into 
a closet and closed the wooden door, thus shutting off the 
sound of its vibrator and spark, my gas-light ceased to fluctuate. 


. . *For its name, Audion, a title as beautiful as it is appropriate, I am 
indebted to my assistant, Mr. C. D. Babcock, who has been of utmost 
service to me in the development of this device almost from its incep- 
tion. | 
719 
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I found I had merely discovered an extremely responsive 
form of the sensitive gas-flame, and that a bunch of jingling 
keys, or a smart clapping of the hands were almost as efficient 
generators of these hertzian waves as was my induction coil. 
To hopes unrealized this was indeed the ' Light that Failed.” 

But the few days of illusion had set me thinking. Here in 
the flame around this incandescent mantel was matter in a 
most mobile, tenuous state, extremely sensitive to sound and 
heat vibrations, infinitely more delicate than any arrangement 
of solid or liquid particles. Why should it not then in some 
phase or fashion respond to the hertzian vibrations also? 

Unable to dislodge this conviction from my mind, I began 
later to search for the genuine response to electric vibrations 
in the gas-flame. I found the conductivity of the incandescent 
mantel surprisingly small however for any voltages which would 
be practical in a wireless receiver. 

By soaking the mantel in a potassium or sodium solution 
and drying, I was finally able to pass a small current from a 
dozen dry cells through the flame surrounding it, using two 
platinum electrodes with a telephone receiver in circuit, and 
get a faint response to the genuine hertzian wave. The dis- 
covery that the effect predicted was actually present was in- 
tensely gratifying. 

Experiments followed with the bunsen-burner and other 
forms of flame. In the coal-gas flame the exterior luminous 
portion is positively electrified, the interior negatively. To 
render these flames sufficiently conducting, salts of the alkali 
metals were introduced. Of these the caesium, potassium, and 
sodium salts are the most conducting, and in the order named. 
These salts were either injected into the flames as solution, or 
preferably put in a little platinum cup held in the luminous 
part of the flame and made the cathode of the telephone circuit. 

A platinum wire or disk held about 2 mm. above this cup 
acted as anode. The antenna and earth connection, or the 
two terminals of the oscillating receiving circuit, were connected 
to these platinum electrodes. An electromotive force of 6 to 
` 18 volts, supplied by a battery of dry cells was sufficient to give 
a current of several milliamperes through the colored flame. 

This early form of Audion, the flame receiver, was remark- 
ably sensitive to weak high-frequency oscillations. The sound 
heard in the telephone was an exact reproduction of that of 
the transmitter spark, in pitch, variation of intensity, etc. 
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It was observed that the increase of current with electromotive 
force did not follow Ohm's law; a saturation value of the 
current was observed. Wilson has found that the maximum 
current which a salt vapor in a flame can carry is equal to 


100 200 800 400 500 000 700 300 900 1000 1100 1200 1300 1400 1500 
Fig. 1 


the current which if passed through an aqueous solution of that 

salt would electrolyze the same quantity of the salt as was 

imparted during the same unit of time to the heated gas. 
Beyond this saturation value the current will not rise until 


Fig. 2. 


the electromotive force is great enough to enable the field itself 
to ionize the gas; that is, until the velocity imparted to the 
negative ions by the field is sufficient to enable them to separate 
the.gas molecules with which they collide into positive and 
negative ions 
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The conduction through flames under the conditions I am 
describing is due chiefly to the negative ions generated, and 
these are chiefly in the vicinity of the metallic cathode. It 
is necessary that the alkali vapor comes in contact with the 
glowing metal. The increase of conductivity of a flame by 
the addition of a salt may amount to several hundred per cent., 
and is due not to the presence of the metallic atoms in the flame 
itself, but to the increase in ionization produced by the salt 
at the electrodes, notably the cathode. 

The velocity of the negative ions in flames at atmospheric 
pressure increases rapidly with the temperature. Thus at 2000? 
cent. their velocity is approximately 40 times that at 1000? 
cent. At 1000? cent. the ratio of velocity of negative ions to 


positive ions is calculated as S At 2000? cent. this negative 


1 


ion velocity in flames is about 1000 =" for a potential gradient 


of one volt per cm. 

Now suppose the average velocity of a negative corpuscle 
to be proportional to the electric force; this velocity, for a 
potential drop of 10 volts between the electrodes as I use them, 
is of the order required to traverse the distance between the 
incandescent body and the platinum anode during the time of 
one half the wave period of the electrical oscillations ordinarily 
used in wireless telegraphy. | 

I shall return later to the bearing which this fact has upon 
a suggested explanation of the effect of the hertzian oscillations 
upon the gas receiver. 

On account of the ionization of the gas near the incandescent 
metal, and the greater velocity of the negative over the positive 
ions, it is to be expected that even if no external electromotive 
force be applied to the electrodes, and one of these be relatively 
cold, a current will pass along a wire connecting the two elec- 
trodes, whose direction is negatively from the hotter to the cooler 
body in the flame. In other words the colder body will be 
the anode, positively charged. 

Now if the hertzian oscillations traverse the hot gas, the 
momentary potentials thereby impressed upon the moving ions 
will conceivably interfere with their motions, or with the rates 
of recombination between the positive and negative ions, and 
thus effect the current flowing through the wire. А telephone 
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connected between the electrodes indicates that changes of a 
surprising amount in the momentary potential difference, or 
flux, across the electrodes are effected by the high frequency 
oscillations, even when no external battery is applied. 

When a battery of from 6 to 20 dry cells is connected across 
the two electrodes, the positive terminal to the cooler electrode, 
the potential current curve for the conductivity of the gas is at 
first approximately a straight oblique line, the current through 
the flame increasing with the electromotive force. 

Soon however this proportionality of current and voltage 
ceases, and a stage of saturation is reached where there is no 
appreciable increase of current with increase of voltage. But 
when the potential difference is raised sufficiently to ionize the 
gas, a Stage 15 reached where the current increase is far more 
rapid than that of potential difference. This last potential 
gradient depends upon the pressure of the gas; it 15 directly 
proportional to the pressure. This is given by Thomson as 
about 30,000 volts per cm. for atmospheric pressure; but with 
incandescent gases in an enclosed vessel at one mm. pressure 
a gradient of 40 volts per cm. is sometimes sufficient to produce 
this critical stage. 

In the case of the flame the distances between the electrodes 
figures very little in the amount of current flowing, the poten- 
tial drop, or the sensitiveness to hertzian oscillations, because 
most of the ionization at low voltages takes place at the elec- 
trodes. 

The size and shape of the electrodes are of small moment. 
I prefer a trough anode 1 cm. long by 2 mm. wide, holding the 
potassium salt, as cathode, and a small platinum wire parallel 
thereto and held 2 to 10 mm. above it as anode. 

The trough electrode should preferably be at the upper tip 
of the oxidizing flame at its junction with the reducing flame. 
When this is made negative the current is saturated with a 
comparatively small potential difference. The gas-burner itself 
may be used as one electrode. The flame must be steady and 
kept rich in salt. The current of up-rushing flame makes a 
rumbling noise in the telephone, which may interfere with the 
detection of faint signals. This rumbling sound increases with 
too great applied potentials. 

The temperature, especially of the electrodes, is an important 
factor. At red heat these give off positive corpuscles; at white 
heat both positive and negative appear, the latter predominat- 
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ing. The electrode containing the salt should always be in- 
candescent, so that the excess of negative ions given off and 
streaming towards the other electrode will increase, rather than 
diminish the current due to the flame itself. The extreme 
sensitiveness of the flame when ionized to thermal variations 
is illustrated by the fact that a distinct response is heard in 
the telephone receiver when the mere tip of a cold pin is sud- 
denly introduced into the flame. The sudden introduction of a 
cold body into the active part of the flame always reduces the 
response. The salt is best placed in, or on, one of the electrodes 
rather than held in the flame in an independent receptacle, or 
injected into the gas. 

The applied electromotive force is a determining factor in the 
sensitiveness of this receiver. The response seems greatest 
where the potential current curve is passing from the oblique 
to the horizontal portion, where the saturation value is about 
to be reached Under these conditions the sensitiveness of the 
flame Audion is of the same order as that of the electrolytic 
receiver using a glass-jacketed electrode. The flame is not 
most sensitive when the flux is greatest. There is a close re- 
lation between the degree of heat and the critical impressed 
voltage 

Considerable diffculty was found in getting an absolutely 
steady flame, even when protected by a chimney, as the slightest 
air current will deflect the sensitive portion from the electrodes, 
altering the sensitiveness of response. 

I next sought the phenomenon in the hot conducting gases 
of the electric arc. If a wire be connected to the positive 
carbon of the arc and lead through a telephone to a third elec- 
trode, platinum or carbon, which is inserted into the border of 
the arc, a considerable current passes through the telephone. 
If these two electrodes are now connected to the terminals of 
the receiving oscillating circuit, the conduction of the leak 
current across the gas to the third electrode is sensibly affected 
by the arriving hertzian gscillations, if sufficiently intense. А 
local battery can also be inserted in series with the telephone, 
but the voltage drop across the arc is usually too great to 
require this. 

Even when the arc is fed from a storage-battery and cored 
carbons used, the hissing and frying noises in the telephone 
(probably due to the oxidation of the terminal by the air) are 
generally too troublesome to allow a clear reading of weak 
signals with this form of Audion. | 
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The principles involved in its operation are much the same 
as for the flame Audion. And although the intense ionization 
produced by the heat of the arc renders it extremely sensitive 
to slight local variations, its practical requirements make it 
less available as a wireless receiver. 

Inasmuch as the gases ionize more readily at lower heats 
and are in their most mobile, delicate, and sensitive conditions 


Gs 
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Fig. 9 


in vacuum, it seemed to me certain, after experiments with 
the flame, that the attenuated and ionized gases around an 
incandescent filament would undergo very considerable changes 
when subjected to hertzian oscillations. 

Elster and Geitel,* beginning in 1882 a systematic investi- 
gation of the ionization produced by incandescent metals, fre- 
quently employed an exhausted glass vessel containing an 


*Elster and Geitel, Wied. Ann., xvi., 1882. v 


726 DE FOREST: THE AUDION. [Oct. 20 


insulated platinum plate, stretched close to which passes a fine 
metallic filament brought to incandescence by an electric 
Current. 

Ordinarily at atmospheric pressures and red heats a positive 
charge was produced upon the plate, of the order of a few volts. 
This potential increases until the wire is at a yellow heat. As 
the wire gets hotter the potential decreases, until at a bright 
white heat the potential of the plate is very slight. Diminish- 
ing air pressure has but slight effect upon the plate potential 
until very high exhaustions are reached, when this potential 
begins to diminish and may even change sign, and as the ex- 
haustion proceeds may reach a very large negative value. This 
pressure where the plate charge changes sign depends upon the 
temperature of the filament, being higher at higher tempera- 
tures. 

Long-continued heating and expulsion of gas from the 
incandescent metal play a considerable part in the electrical 
phenomena. Long-continued incandescence favors the nega- 
tive electrification of the plate. The presence of oxygen aids 
in the carrying off of a negative charge, thus producing negative 
electrification around the wire; hence the action of oxide of 
metal on filaments tends to increase the discharge of negative 
electricity. But oxygen also hastens the disintegration of the 
filament. 

Gases which are disassociated by heat conduct on quite a 
different scale from those like air, hydrogen, or nitrogen. Ex- 
amples of such are the vapors of iodine, bromine, chlorine, 
potassium, iodine, etc. These furnish a much larger supply of 
ions than the others. This dissociation occurs chiefly where the 
gas is in contact with the glowing electrodes. Of the metals, 
sodium and potassium have the highest conductivity under the 
above conditions, for the emission of negatively electrified 
corpuscles from sodium atoms occurs even at low temperatures; 
and I have used carbon filaments coated with a potassium com- 
pound. The conductivity of cold mercury vapor does not seem 
greater than that of air. 

With hydrogen, the plate becomes negatively electrified even 
at atmospheric pressure; and when the filament 1s carbon in- 
stead of platinum the electrification on the plate is always 
negative. This means that the gas will discharge the plate if 
positively electrified; that is, a positive current will pass from 
the plate to the filament in the gas. 
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The electrification produced in the neighborhood of an in- 
candescent wire is a complicated effect; 1{ depends on the tem- 
perature and nature of the filament, and on the nature and pres- 
sure of the gas. It furthermore depends upon the electric and 
magnetic forces to which the vessel is subjected; and I have 
found that the shape and area of the plate or plates, the con- 
dition of its surface and edges, as well as its distance from the 
filament, are very important factors. 

If the metal plate be connected by an outside wire to the posi- 
tive terminal of the hot filament, a leak-current from the plate 
to the filament through the gas will be set up, as Elster and 
Geitel first found, passing mainly to that portion of the filament 
near its negative terminal. If the resistance of the lamp fila- 


Fig. 4 


ment and the lamp's voltage be high, a very considerable leak 
current may thus be set up. 

A battery of from 3 to 18 dry cells is connected between the 
positive end of the filament and the platinum plate w, the latter 
being connected to the positive pole. The saturation current 
increases rapidly with the heating current through the filament, 
which also increases the velocity of the negative ions, as does 
also an increase in the applied electromotive force between 
plate and filament. 

The rate of discharge of negative electricity from glowing 
carbon greatly exceeds that from platinum, while that from 
tantalum and other of the newer filaments, given the same 
heating current, surpasses the rate of discharge from carbon. 
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Thomson states the equation connecting the saturation current 
with the temperature as 


b 
(1-4 0% e °) 


where 0 is the absolute temperature, а and b are constants. 

At 2000° cent. this rate of emission from a platinum wire in 
high vacuo amounts to 0.1 ampere per sq. cm. of hot surface. 
For carbon this current can equal several amperes per sq. cm. 
surface. In the Audion the flux current ordinarily ranges from 
1 to 5 milliamperes. 
` The metal dust, or even vapor, from the incandescent filament 
may play a part in the phenomena but not a controlling one. 
Thomson has shown that the value of e/m for the carriers of 
electricity in the type of exhausted vessel described is the same 
as its value for the carriers of the negative electricity in the 
cathode ravs, or in the discharge of negative electricity from 
metals illuminated by ultra-violet light. In fact in many ways 
the behavior of the Audion, notwithstanding the extremely 
low potentials used, is very similar to that of a cathode-ray 
tube; and in one or two small pea-lamps where the anode disk 
was close to the bend of the filament I have actually obtained, 
at only 22 volts, a blue-white beam of light playing between the 
filament cathode and the anode. Upon the approach of a power- 
ful magnet this beam could be concentrated and deflected. A 
great increase in the current through the telephone marked the 
formation of this beam, and a violent hissing or squealing 
sound began when the magnet was approached. 

The corpuscles at the filament are attracted by the metal of 
the filament, and to escape into the surrounding space they 
must be given sufficient kinetic energy to carry them through 
the surface layer where this attraction for the carriers is ap- 
preciable. Thus as the temperature of the filament increases, 
a larger number of the carriers can escape from the wire. But 
the saturation values of the flux current do not depend upon 
the velocity of the ions, but only upon the number of ions pro- 
duced in unit time at the surface of the hot metal. 

The source of ionization is confined to the gas immediately 
surrounding the filament. The velocity of the ion at any 
instant is dependent on its distance from the filament, because 
the temperature is not uniform between filament and plate. 
The ratio of the velocities of negative to positive ions varies 
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greatly with the temperature: thus they are given as 1000 to 
62 at 2000°. 

This fact explains why the positive conductivity of the gas 
in the vessel is almost entirely from the cold to the hot electrode 
in the gas, and not in the reverse direction; and why this uni- 
directional qaulity is more marked for higher temperatures of 
the cathode, the anode being kept cold. 

In the form of Audion illustrated in Fig. 4, I employ two 
platinum wings parallel to the plane of the bowed filament 
and about 2 mm. on either side of it. These wings are soon 
coated with an iridescent deposit from the metal filament, es- 
pecially at the portions opposite to the negative half of the 
filament. They become quite hot at this short distance, but 
not sufficiently hot to take part in the ionization of the gas. 

When connected in the oscillation circuit as shown, properly 
attuned to the receiving electromagnetic impulse from the 
antenna, the Audion under proper adjustment of heating cur- 
rent and battery B potential is extremely sensitive, giving 
response in the receiving telephone several times as loud as 
any other form of wireless receiver when subjected to the same 
impulses. It is, however, less sensitive to atmospheric or static 
disturbances, which are strongly damped or a-periodic. 

I find the device extremely closely tuned with the syntonizer, 
for its operation seems to be dependent upon the sum total 
of the energy received from the complete wave-train rather 
than upon the maximum first impulse of the train. In other 
words, while instantaneous as far as our senses or instruments 
can perceive, its action is sufficiently sluggish to be deter- 
mined by the additive effect of the entire received electro- 
radiant energy through a short time-interval. 

When the filament is first lighted, an appreciable interval, 
about one-quarter second, elapses before the full sensitiveness 
is established. Before the flux reaches a steady state there is 
'a period during which the number of ions 1s steadily increasing. 
As result of the colliding of the initial ions with the gas mole- 
cules the number of ions and the current rapidly increase, until 
an equilibrium is finally attained. 

The Audion, to a greater extent than any other responder, is 
self-tuned. I mean that by regulating the heating current, 
the potential between wing and filament, or the distance be- 
tween these, the Audion can be made to a great extent selective 
per se to certain received impulses. And the determining factor 
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here is not merely the frequency of the electrical oscillation; 
the spark frequency, or factors determining the total amount 
of energy received during a very brief unit of time, determine 
to an extent the amount of its response. Thus with 12 volts 
across it, it may give a loud response to a transmitter A; and 
with 10 volts “ bring in " another transmitter B to the almost 
complete exclusion of A, although A and B are of equal power 
and of approximately the same wave-length, but differing con- 
siderably in spark frequency. Similar discrimination can be 
produced by adjustments of the heat of the filament, which 
also governs the amount of flux through the gas. 


This flux is generally reduced when the Audion is placed 
in a strong magnetic field, especially when the lines of force pass 
through the gas parallel to the plane of the wings, at right angles 
to the electric field. By this means also a tuning can be effected. 

Again it is not necessary to connect the anode to a terminal 
of the oscillating circuit. One terminal may be attached to a 
metal sheath or ring surrounding the glass vessel, thus forming 
a condenser with the filament or the conducting gas within the 
tube. In this case the adjustment of the syntonizer is gen- 
erally different from that required for the same oscilla- 
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tion frequency, when the interior wing is directly connected in 
the oscillation circuit. In this condenser arrangement also 
the sound heard in the telephone changes its quality to an extra- 
ordinary degree, being of a dull muffled nature rather than 
sharp and staccato. Signals of this quality are sometimes 
much more readily distinguished from the '' static ” disturbances 
which so frequently render wireless signals difficult to read. 
The operator has thus a ready means of changing the quality 
of the received signals to suit the conditions. This latter type 
of Audion is the one I have found most serviceable in practice. 

The Audion may even be placed in the space between two 


plates of an air condenser in the oscillating circuit. A flat- 
walled type of tube is preferred for this arrangement. Again 
the electrical oscillation may be led through a coil of wire 
wound round the outside of the tube (Fig. 6), and not through 
the Audion at all, or through a flat coil brought up close to the 
tube, with its axis perpendicular to the filament. In this ar- 
rangement it is chiefly the electromagnetic component of the 
passing oscillation which affects the motion of the ions within 
the vessel.. The ions are readily influenced by a magnetic 
field. 

By shifting the syntonizer connections from the wings to 
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this helix, I have been able to cut out completely signals from 
a transmitting station so near as to baffle all attempts with the 
ordinary tuner methods, and to bring in other relatively faint 
signals. | 

The Audion has the further advantage of entire absence of 
adjustment in the receiver itself. It gives no evidence of 
fatigue under any conditions of use. Furthermore, it requires 
no protection from the violent impulses of the transmitter at 
its own station, whereas the sensitiveness of the electrolytic 
receiver is completely destroyed by one such violent impulse, 
unless its small electrode is protected by a shunting switch. 

I have arrived as yet at no completely satisfactory theory as 
to the exact means by which the high-frequency oscillations 
affect so markedly the behavior of an ionized gas. Fleming 
points out that when the cold plate of the Elster-Geitel tube 1s 
connected to the positive end of the filament, and the two 
put in a high-frequency oscillation circuit, only the positive 
half of the oscillation can pass from the plate to the filament 
across the gas. He uses this principle to rectify the hertzian 
oscillations, and applies the unidirectional currents of the oscilla- 
tions themselves to operate a sensitive galvanometer, or direct- 
current instrument, for quantitative measurements over very 
short distances. 

When an independent external source of electromotive force 
is applied, in the manner I have described, the action becomes 
quite different. It then operates as a relay to the hertzian 
energy instead of merely rectifving this energy so that it can be 
used directly to give the sense signal. 

The Audion therefore is tremendouslv more sensitive and 
available in practical wireless. A sensitive direct-current instru- 
ment in the B circuit shows a steady deflection varying not a 
whit, by increase or decrease, during the reception of strong 
“ wireless" signals. An electrolytic receiver or “ polariphone ”’ 
under similar conditions wouid cause a great deviation in the 
deflection of a milliammeter, although the signals in the tele- 
phone with the electrolytic are not so loud as with the Audion. 

I have connected two Audions in series in opposition in the 
oscillating circuit, each with its separate heating circuit and 
still heard the signals in the telephone connected to the second 
Audion equally well whether the wing in the first be connected 
to the wing or to the filament of the second. 

When one of the tubes 1s unlighted, or if lighted its B circuit 
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is open, no high frequency impulses pass through it unless the 
wing and filament are very close together. When cold it acts 
merely as a condenser whose armatures are the wings and fila- 
ment and whose capacity is extremely small. 

I have laid considerable stress upon the potential gradient 
or “ variation " layers which exist near the surface of the elec- 
trodes when the external applied electromotive force is con- 
siderable, for the reason that their existence serves to plav a 
very important róle in the response of the Audion to minute 
high-frequency oscillations. 

If the velocity of negative ions is very large compared to that 
of the positive ions, the curve representing the distribution of 
electrical intensity between the two electrodes 1s represented bv 
the following, which is typical. 

When ions of both signs are present in the gas and when the 
electric field is so strong that most of the positive ions are 
driven from the anode and.the negative ions from {the cathode 
(the filament), we will have an excess of cations in front of the 
anode and of anions surrounding the cathode. 

It is seen that the variation in potential lies chiefly in the 
thin layers of gas in front of the two electrodes. It is convenient 
to speak of these regions as the “ variation " lavers. As Thomson 
points out, in passing from the inside to the outside of the layer 
of ionized gas we have to pass across a layer of electricity. This 
will produce a discontinuity in the electrical intensity equal to 
4 л times the surface density of the electrification. 

There may thus be a great difference between the electric 
intensity inside the layer and that just outside. The potential 
drop across the layer is proportional to the square of the current ; 
the falls of potential at the positive and negative electrodes 
are proportional to the squares of velocities of the positive 
and negative ions; and the velocity of the ions is proportional 
to the electric force acting upon them. 

These variation lavers at the electrodes of the Audion make 
still more striking its similarity with the cathode-ray tube. 
In the cathode tube a sudden drop in potential called the ‘‘ anode 
fall of potential ’’ occurs quite close to the anode; and in the 
layer called the Crookes dark space, or cathode dark space, 
there is a still greater fall in negative potential. But the 
voltages here are enormously higher than those in the 
Audion. As the gas pressure in the cathode tube diminishes, 
the dark layer, or the cathode drop layer, becomes 


734 DE FOREST: THE AUDION. [Oct. 20 


broader. D = a+ fA; that is, the width of the dark space is 
proportional to the mean free path of the molecules, beyond a 
certain distance a in front of the cathode. Schuster found that 
the thickness of the cathode drop layer increased slightly with 
the current passing through the gas; but Wehnelt found just 
the reverse. Both may be correct on different sides of some 


м 


CELLS 


particular value of the current for which the width of this 
Space is a minimum. This 1s interesting in view of the fact that 
there is a certain current flux across the gas of the Audion for 
which the response of the hertzian oscillations is maximum; 
supposing this response is maximum when the width of the varia- 
tion layer around the filament is minimum. 


Within the cathode layer there exist only negative ions, 


1906.] DE FOREST: THE AUDION. 735 


these being shot off from the cathode. Right outside of this, 
in the region called the "cathode glow ” ionization of the gas 
from collisions with these negative ions begins, and the width 
of the cathode dark space is about the range of the ‘‘ mean free 
path ” of the ions. 

If a similar state of affairs exists around the filament of the 
Audion, and if this mean free path of the cations coincides 
with the excursion of the corpuscles during one half the oscilla- 
tion period of the impressed hertzian vibration, we might 
expect under these conditions a maximum effect of response to 
oscillation of the particular wave-frequency. Ora similar effect 
might be expected 1f the excursion in question 1s that of an ion 
from the cathode across the gas up to the layer surrounding 
the anode. 

The extent to which the sensitiveness of the Audion is gov- 
erned by a very slight change in the heating current, or in the 
potential drop across it, seems to lend plausibility to such an 
explanation. And it has been shown that in conducting flames 
at atmospheric pressure, a negative ion acting under a potential 
gradient of 10 volts per mm. would travel approximately 1 mm., 
or a commonly found distance between the electrodes in the 


Audion, in б part of a second, which time-interval is of 


1 
1,030,00 
the order of one-half the wave period of some of the longer os- 
cillations used in wireless telegraphy. For reduced gas pres- 
sures the natural excursion of the ion would be more rapidly 
accomplished, but its velocity can be governed within wide lim- 
its by regulating the applied electromotive force. When we 
send more current through the filament we increase the potential 
difference between filament and anode as well as increase the 
heat. Both changes act to increase the ionic velocity. 

In Humstedt’s experiments where a cathode-ray tube was 
exposed to high-frequency oscillations, the width of the cathode 
drop layer, or dark space, diminished as the frequency of the 
oscillations increased; as if there might be some connection 
between the period and the time involved in the immigration 
across. And many facts observed in connection withthe Audion 
otherwise difficult to explain tempt one to suppose that here 
the degree of response is connected with the relation between 
the product of velocity of the ions by the distance between the 
electrodes, and the period or half period of the electrical oscilla- 
. tions received. 
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When the anode consists of two parallel plates instead of a 
cvlinder there will be a maximum of positive electric density 
along their vertical edges. The more intense parts of the 
electric field will involve the larger number of ions, and on the 
anode these will generally be located at the vertical edges of 
the parallel plates, provided these are not too far from the 
filament. 

With this type of anode a peculiar and sudden inflection point 
in the current-flux diagram, as the heating current is gradually 
increased or decreased, is noticed. The flux goes on increasing, 
then suddenly drops back to a lesser value; at the same time 
a click is heard in the telephone in the B circuit. Then as the 
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Fig. 8. 


heating current is still further increased the B flux is again 1п- 
creased. These same cusp points in the curve are obtained if 
the A circuit be kept constant and the B voltage is increased 
instead. 

Similarly, a click is heard when the flux current is being re- 
duced from a higher value, only the location of -the cusp on the 
curve of decreasing current 1s not coincident with but lags behind 
that observed when B is being increased. This second cusp 
point shows a sudden zzncrease in the flux current, when the 
critical point is reached, to a value previously passed through. 
Naturally the sharpness of these cusp points can be smoothed 
out or quite obliterated by putting Impedance in the 
B circuit in series with the telephone. 
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The diagram (Fig. 9) shows the relative magnitude 
of these sudden alterations in the flux current obtained with 
a certain sample Audion, and also the decided hysteresis effect, 
showing how the actual B current lags behind the increasing or 
decreasing electric field which produces it. This hysteresis effect 
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is very like that obtained when the molecular structure of iron 
is altered under a changing magnetic field. Doubtless it is 
here due to a reluctance of the ions to accommodate their paths 
and velocities to the impelling electric forces; and the area in- 
cluded between the two curves represents the work lost in ac- 
complishing this conformation. 
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These hysteresis curves are always obtained even though the 
anode is in the form of a cylinder or flattened cylinder without 
the vertical edges; but the reactive cusp points in the curves 
are never obtained save with two plane anodes connected to- 
gether. 

Zeleny* has found a similar very curious hvsteresis effect in 
the currents obtained from the ions from a platinum wire when 
heated and exposed to ultra-violet light. When the metal was 
cooling these currents were greater than those for the same 
temperature when the metal was being heated. In this case 
heating the wire produces some change in its surface, possiblv 
in the amount of gas condensed thereon or absorbed by it, 
from which it recovers very slowly. 

As В voltage is increasing and А current is increased and de- 
creased, I find that the points at which the cusps occur on the 
increase and decrease А-В curves coincide more and more nearly 
and at the same time these cusps become less and less violent. 
The hysteresis effect is less pronounced as the B voltage is 
increased. As shown in the curves for a large B flux the two 
A-B curves for increasing and decreasing A current coincide 
almost exactly until B flux is reduced to a certain amount. 
They may again cross each other at a lower point of B flux, 
again diverge, and then coincide once more near their origin. 
These curves were all taken with Audions of the double-wing 
type, which feature may account for some of the very peculiar 
characteristics observed. 

The filament is always at some part nearer to one wing than 
the other. Hence the B flux is chiefly concentrated on this 
wing or portion of wing, like a beam of cathode rays. We 
may suppose that as the B voltage is increased, as when more 
heating current is passed through the filament, the flux is in- 
creased and spreads out over this wing until a new sheaf or 
“тау ” of ions, starting off from the filament from another part 
or in a new direction, suddenly leaves that wing and takes by 
preference a shorter path to the opposite wing. We would 
suppose that a new path thus taken would first be located on 
one of the vertical edges of the wings parallel to the filament. 

This sudden diminishing of the intensity or density of the 
original beam of ions may be accompanied by a decrease in the 
velocity of propagation of the ions, and thus the resultant flux 


*Zeleny, Physical Review, Vol. XII, 1901. 
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-be actually less than before. The reverse operation will occur 
when the B flux is being decreased from a high value. 

When the anode consists of one wing only, no such reverse 
cusp-points, or reversals of the flux increment, have been ob- 
tained. With a single-plane anode however there is found a 
point at which the flux if increasing assumes a sudden increase 
in magnitude, representing an abrupt rise in-the otherwise 
smooth flux-voltage curve; and the reverse when the current 
flux is being decreased. 

These effects seem to relate to the increased values of the 
positive variation layers along the vertical edges of the anode 
which parallel the filament. The distribution of the charge 
upon the surface of the plate may be described as analagous 
to that of a thin film of liquid which coalesces and is heaped 
up along the edges, and from which, when the liquid is by 
any means drawn away, there is a sudden recession; the liquid, 
on account of the surface tension, letting go or taking hold of 
the edge all at once. 

It is significant that just at a cusp point the sensitiveness of 
the Audion to the hertzian oscillations attains a marked maxi- 
mum. Under the critical conditions then obtaining the slight- 
est change in the applied electromotive force is accompanied 
by relatively great changes in the B flux. 

In framing any theory of the action of electric oscillations 
in the Audion a variety of complex, contradictory phenomena 
are met with, exceedingly puzzling to explain. An example 
is the fact that a continuous-current instrument either in the 
A or the B circuit shows absolutely no change of deflection 
either of increase or decrease, when B is large and the Audion 
in its most sensitive condition. If only the positive halves of 
the oscillations pass from anode to filament these should increase 
the reading of a milliammeter іп the B circuit during the passage 
of a long series of wave-trains of sufficient intensity. Or else 
the negative halves of these oscillations might be expected to 
diminish to a greater degree the positive charge on the anode, 
and result in a diminution of the B circuit. Or if both of these 
acted equally and oppositely no signal would be obtained at 
all, for the telephone diaphragm is utterly incapable of fol- 
lowing such rapid increase and decrease in the B current, even 
if its impedance would allow these pulsations to pass through 
the circuit. Neither would the ear detect such vibrations. 

If on the other hand the integrated effect of a complete 
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hertzian wave-train were either to increase or decrease the B flux, - 
a long succession of such-effects, all of which must be of the 
same sign, ought to cause a change in the needle’s deflection, 
as when a long Morse dash is sent out from the transmitting 
station. We have no reason to suppose that one wave-train, 
the result of one spark, would produce a momentary decrease 
in the B flux, indicated by a click in the telephone, and that 
the next succeeding wave-train from the next spark would 
cause an opposite increase in the B flux, and another similar 
click in the telephone. Such action would of course explain 
why a loud sound in the telephone might not be accompanied 
by any change in the sluggish ammeter reading, similar to the 
case with the magnetic detector. 

The following explanation of the phenomena which seems to 
account for many of the peculiarities of this paradox has been 
suggested. It should be remembered that if the negative half 
of the electric oscillation can not pass through the gas from cold 
anode to the filament the Audion electrodes during that half- 
period will act merely as the two armatures of a condenser. 
Even when close together, their mutual capacity, when the gas 
is cold, is exceedingly small, and only a very small positive 
charge can be held bound on the filament; or if there. are suffi- 
cient free positive ions in the hot gap the complimentary posi- 
tive charge will be held just on the outside of the “ variation 
layer’’ at the anode. 

The fall of potential across the variation layers at anode and 
cathode are proportonial to the squares of the velocities of the 
positive and negative ions; and the ionic velocities are propor- 
tional to the electric forces acting upon them.  Supposing 
then that during the positive half of the electric oscillations the 
velocity of the positive ions is increased at the anode layer, 
and during the other half period the velocity of the negative 
ions is increased, due to the changes in the electric force acting 
upon them. Then regardless of the sign of the change of the 
velocities the potential drop across the variation layers (which 
varies with the square of these changes) will be increased during 
the entire passage of the oscillation train. 

The layer will act during this interval like a condenser, the 
potential drop across which is momentarily increased, which 
momentary increase will disappear with the passage of the 
wave-train. It will be as though the plates of a charged air 
condenser were suddenly further separated and then brought 
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suddenly back to their normal positions; or as though the 
specific inductive capacity of the dielectric were decreased and 
then increased. This operation being repeated for every spark 
at the transmitter a listener in the telephone in the B circuit 
wil hear a sound whose pitch is exactly that of the spark, 
while an ammeter in that circuit will show no variation in its 
deflection. | 

As the fall of potential across the variation layers is pro- 
portional to the square of the current passing and to that of 
the impelling electric force, it is readily understood how, by 
regulating the heating current and the B voltage, an optimum 
value of the electrode drop may be obtained for which the 
effect from any given received impulses will be a maximum. 
Also how by varying the distance between the electrodes the 
sensitiveness of response may be regulated. 

Thomson states that the cuirent between two plates for a 
given difference of potential varies inversely as the cube of the 
distance between the plates, up to the saturation-current stage. 
But in the case of the Audion, where the cathode is an incan- 
descent filament, the law seems to be quite different. Thus 
for two anodes of equal area, one approximately four times as 
far from the filament as the other, the two currents were as 
21to8. The flux here varies more nearly as the inverse distance. 

The potential difference required to produce saturation is 
proportional to the square of the distance between plates and 
to the square root of the intensity of ionization. This latter 
depends on the temperature of the filament. 

In the case of the parallel plates, only one of which is in- 
-candescent, or if both are heated but below vellow heat so 
that only ions of one sign (positive) are present and carrving 
the current, then this current as Thomson shows 1s: 
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where R is the velocity of the ion under unit electric force, V 
the potential difference, D the distance between the two plates. 
According to this formula the current varies inversely as the 
cube of this distance. But this formula will hold only when R 
is independent of X, which it will not be when the temperature 
through the space is not uniform. It holds also only for currents 
that are small compared with their saturation values, for the 
saturation currents depend not upon the velocity of the ions 
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but upon the number of ions produced in unit time at the surface 
of the hot electrode. 

But in the case of the Audion with small potentials, the 
closer the electrodes are together the more rapidly will the B 
current increase as the potential drop is increased. The tra- 
jectories of the ion are shorter and they therefore undergo 
fewer collisions, reunions, and retardations when the electrodes 
are close together. __ 

In an Audion where the anode is far from the filament the 
saturation current is not attained with the B voltages used with 
the Audion in wirelesstelegraphy. We sometimes have instead 
its inverse counterpart, a saturation voltage, so to speak. 
As shown in the curve, at potentials from 10 to 18 volts a slight 
potential increment is accompanied by a very large increase 
in flux. And within these limits the sensitiveness of electric 
oscillations may be a maximum. The cusp points when present 
are generally found near these points of inflection in the flux- 
voltage curves. 

In some cases a remarkable lag or ''creeping effect " is ob- 
served at this saturation stage. As shown in the curve, the 
milliammeter needle crept slowly up after B was raised to 14 
cells, from 18 to 26 divisions. The current flux required some- 
thing like 15 seconds in this instance to attain its full value. 
The filament in this case may have been undergoing some 
change which caused it slowly to discharge more and more cor- 
puscles until that stage was reached where the recombination 
of oppositely charged ions in the gas exactly equalled the out- 
put of negatively charged ones from the incandescent surface. 
Sometimes this creeping is accompanied by a loud frying sound. 
in the telephone. 


& 


MAGNETIC EFFECTS. 

Thomson shows that at low gas pressures and high ionic 
velocities the ions, when placed in a strong magnetic field, will 
travel along the lines of strong magnetic force; but when the 
product of velocity and field 1s small the ion moves parallel to 
the electric force. If both magnetic and electric forces are 
uniform, the ions both positive and negative will move in the 
same direction and perpendicular to both E and H. When the 
electric field is not uniform but radiates from a point, and the 
magnetic field is uniform, the ion will describe а spiral traced 
on a cone of revolution whose axis is parallel to the magnetic 
field. 
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If the direction of E and H coincide, the path of the ion itself 
is a helix of gradually increasing pitch, with its axis parallel 
to the lines of magnetic force. The radii of the spirals will be 
small compared to the length of the mean free path of the ions. 
This is especially true for the negative 1ons, even when the 
motion of the positive 1ons is but little affected by the magnetic 
field. 

If the electric field is not uniform (and it 1s not in the Audion 
where the negative charge is located on the small cylinder of 
the filament instead of on a plane surface) the paths of the ions 
wil not be cvcloids, but in any case the ions will be turned 
back by the magnetic field after traveling a certain distance d, 
from their source. Thus they will never get further than d 
from their source. 

When the lines of magnetic force are perpendicular to the 
discharge in the cathode-ray tube, the magnetic field at all 
pressures retards the discharge and diminishes to a considerable 
degree the great drop in the electric force which occurs in the 
negative glow. 

In general it can be assumed that in a strong magnetic field 
the ions tend to follow the lines of magnetic force. The smaller 
'the velocity of projection the more nearly does the path of the 
ion coincide with a line of magnetic force. In cathode-ray 
tubes the boundary of the negative flow may coincide with the 
lines of magnetic force. 

In the case of the Audion if the lines of a strong magnetic 
field pass through the gas parallel to the plane of the anodes, 
a marked reduction in the flux 1s obtained, sometimes amounting 
“to 20 per cent. This effect is greater when the south pole of 
the magnet is nearest that leg of the filament which is attached 
to the negative terminal of battery A. The negative charge 
on this leg is of course greater than on the other. for the nega- 
tive charge on the other is the resultant of the negative po- 
tential of battery B and the positive potential of battery A. 
And when the lines of magnetic force are so directed as to tend 
to sweep some of the negative ions off from the parts of the 
anode nearest to the filament leg which carries the greater 
negative potential, the reduction of the flux across the gas 
will be the greatest possible. Hence the magnetic polarity 
observed. 

If the filament extend above the top of the anode, say for 
0.5 cm., then a magnetic field parallel to the filament legs may 
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tend to force certain lost ions into a downward trajectory so 
that they will strike upon the anode instead of passing off above 
it. In this case only is an increase in the B flux observed as a 
magnet 1s brought up to the Audion. 

In general the flux will be diminished by the magnetic field. 
When the magnetic lines pass perpendicular to the plane of the 
wings the negative ions which are traveling in the direction of 
the magnetic force, from filament to wing, will be accelerated, 
but those originally traveling out from the filament in the 
opposite direction will be bent around or deflected from their 
direct paths; so the resultant will be a decrease of the total 
current flux. 

When the field is intense, a marked frying or hissing sound 
in the telephone is heard, especially with the two-wing anode, 
and when the magnetic force is parallel to their plane and thus 
affecting mostly the ions which are streaming towards their 
vertical edges. In the hissing arc parts of the arc are in rapid 
motion in the unstable portion around the edges of the positive 
terminal. Possibly also the presence of oxygen in the gas enters 
into the phenomena here as it does in those of the hissing arc. 
As the magnetic field lengthens the arc so here it lengthens 
the paths of the ionic discharge. 

The hissing is much more violent when the surfaces of the 
anode instead of being plane are punched full of little holes 
whose ragged and protruding edges offer a greatly increased 
opportunity for the ions to travel irregularly under the com- 
bined forces of the magnetism and of the electric charges heaped 
up at all such points and edges. In this particular Audion I 
could get a great range of singing or squeaking sounds as the 
heating current was varied. Where the velocity of the ions 15 
a maximum their deflections by the magnetic field will be 
lessened. 

If the B flux is too great to give maximum sensitiveness of 
response, bringing up a magnet to the Audion will increase the 
strength of the wireless signals, because of the reduction of the 
B flux. Or if this flux be already below the optimum then the 
presence of the magnet may decrease the sensitiveness. This 
effect may be more pronounced for one wave-frequency than 
another, in which case the Audion can be attuned by Regulating 
the magnetic field to which it is subjected. 

Consider the case where the electric oscillations instead of 
being introduced into the Audion through its interior anode are 
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brought up to a metal plate outside a vessel. Electric displace- 
ment currents instead of conduction currents must then act 
upon the ions within the vessel] and on the charges upon the 
electrodes. , 

Now in the case of an electromagnetic wave, where H and E 
are perpendicular to each other and to the direction of propa- 
gation, Thomson shows that if the product of H Xe is large 
(e being the electric charge on a carrier) the average velocity 
of the ion parallel to the direction of E is zero, and the wave 
will carry the ion along with it. When however H Xe is small 
(no external magnetic field) the effect of the hertzian wave will 
be to superimpose on the undisturbed motion of the ion a small 
vibratory motion parallel to the electric force in the wave and 
thus perpendicular to its direction of propagation. 

A very convenient form of Audion for investigating the re- 
lations which the distance, area, etc., of the electrodes bear to 
its response is had by using a pool of mercury for the anode. 
This is conveniently held in one or more pockets blown in the 
walls of the glass vessel, and the filament so placed as to pass 
closer to some than to others. 

Quite frequently I obtain with this arrangement two maxima 
of sensitiveness to the same transmitter, the filament heating 
current remaining unchanged; thus one maximum for B = 12 
volts and a second for B — 18 volts. Again the sensitiveness 
is maximum when the mercury surface is as near as possible 
to the filament. When a globule has rolled out of its pocket, 
exposing a new surface for the anode, sometimes half a second 
elapsed before the sensitiveness 1s again restored. This form 
of mercury tube was especially sensitive to the influence of a 
magnetic field. 

The optimum or critical voltage of B becomes less after this 
Audion has been heated a little time, as though the heated 
mercury vapor began to act to increase the conductivity of 
the gas. This critical voltage keeps reducing as the vaporiza- 
tion proceeds, and with a sudden jar on the tube I can bring this 
down, one cell of B at a time, accompanied by a loud click in 
the telephone at each reduction. Sometimes a similar reduction 
of the B flux amounting to as much as 25% can be obtained 
with the double platinum wing type of Audion, by striking it 
smartly; or a sudden increase in the flux may be obtained. 

The heating current when a large anode surface is used is 
less than that required to produce the same degree of sensitive- 
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ness with a small pool of mercury as anode. In general the flux 
is quite proportional to the area of the anode, other conditions 
remaining unchanged. А mercury arc also may be substituted 
for the filament, but such an arrangement is apt to be noisy in 
the telephone. 

When the hertzian oscillations are passed through the filament 
instead of through the gas, they require to be of great intensity 
to give any response whatever. Any results from the added 
heating effect which they may contribute to the filament are 
quite insignificant. The response when the Audions are con- 
nected up in parallel, or series, is always less than for one used 
alone. 

In a tube whose two-plane anodes are fitted on hinges and 
backed with small iron disks so that their distances from the 
filament can be regulated by an external magnet, I find 
the response to a long wave-length greatest when this distance 
is the greatest possible; while to a wave-length of about one 
half this, the response is decidedly better when the wings are 
nearer to the filament. Of course the B flux is greater in this 
latter case, other conditions being unchanged; but the selective 
qualitv in this tube just described seems to be due to the regu- 
lations of the distance between anode and cathode rather than 
to other factors. 

The manner in which the Audion should be located in the 
oscilating circuit, as well as many other considerations, show 
conclusively that it is a '' potential-operated " rather than a 
“ current-operated " relay receiver. At the same time its ad- 
vantageous sluggishness of action, as explained above, renders 
it additive in its response to the energy of an entire wave-train 
or even of a series of wave-trains. Hence its excellent and 
marked selective qualities. 

A large number of experiments have been carried out with 
a view to reducing the filament heat necessary to give the en- 
closed type of the Audion the extreme sensitiveness which now 
characterizes it. This 1s now attained at normal brilliancy of 
the filament, or a little below; never at excessive heats. Thus 
the life of an Audion should be that of an incandescent lamp of 
the same class of filament and voltage. 

Filaments have been coated with alkali metals or salts, or 
vapors of these introduced into the tubes. Experiments along 
these lines and with various dissociable gases are being pushed 
with gratifying promise of our soon being able to achieve the 
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present marked sensitiveness even at read heats; or of still 
further multiplying the sensitiveness. | 

Radioactive compounds, applied for example between juxta- 
posed meta] disks and heated, give little encouragement. At 
the low voltages used no increase of conductivity by their means 
has been observed, although Swinton has found that a radium 
coated cathode in a cathode-ray tube has a marked action in 
facilitating a luminous cathodic discharge, when the cathode 
is heated to redness. The mere presence of radium in the tube 
is insufficient to produce the effect. 

Spontaneous ionization, that is the ionization independent 
of the electric field, as for example that produced by the X-rays 
does not increase the current flux. Only the ions produced by 
the electric field itself close to the cathode, and by the heat of 
the cathode, is effective. 

It is required that the Audion be made with scrupulous care; 
a trace of impurity in the gas may produce surprisingly large 
effects in the potential drop across the variation layer. The 
presence of a mere trace of moisture may cause great difference 
in the behavior of a tube. 

In all this work a bewildering host of new and puzzling phe- 
nomena is continually encountered. By its nature clean and 
pretty, fascinating in its ever new phases, gratifying in the 
efficiency with which it responds to the difficult demands of a 
new and intricate art, the Audion combines infinitely delicate 
matter and forces, at once offering rich fields for study to the 
physicist and delight to the practical man. 
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We beg to submit herewith a report of+the present state of 
the Library of the INSTITUTE, and the state of the several 
funds under the cognizance of this Committee. 

As in the preceding two years, progress in extending the 
Library collections has practically been halted, owing to prece- 
dence being given to the canvass for raising funds from the 
membership to meet obligations assumed in connection with 
the United Engineering Building. It is hoped by the time the 
Library is installed in its splendid quarters in this building, 
vour Committee will again have a free hand to proceed with 
its work in building up the collection—a work commenced in 
1901 and interrupted two years later. 

During the vear the Library received from the International 
Electrical Congress of St. Louis, 1904, a fund of $2 052.67, 
representing the profits derived from the sale of Transactions. 
of the Congress. In accordance with the Deed of Gift, the 
annual proceeds of this fund is to be devoted solely to the pur- 
chase of international electrical literature. 

The Bibliography of the Wheeler Gift, which has been under 
preparation the past four vears, is now complete, and within 
a few weeks the manuscript will be placed in the hands of the 
printer. The preparation of this work, which includes biblio- 
graphic annotations to more than 5000 titles of books and 
pamphlets, represents a vast amount of labor on the part of 
Brother Potamian, to whom a great debt of gratitude is due 
for the scholarly and exhaustive manner in which he has ac- 
quitted his arduous task. The work will form a large octavo 
volume, and will undoubtedly take high rank in the literature 
of bibliography. According to the Wheeler Deed of Gift, 
every member of the INSTITUTE will be entitled to a copy. 

During the year a copy of the catalogue of the periodicals 
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in the Library was sent to every member of the INSTITUTE, 
together with a circular asking the aid of the members in fill- 
ing out incomplete sets of publications, noted in the catalogue 
and circular. We regret to report that the appeal received 
less than a half-dozen favorable responses. 

During the year gifts of books, pamphlets and periodicals 
were received from the following: 


ADAMS, EDWARD D. 
ANDREWS, L. 
ASTOR, COL. J. J. 
ALLEN, W. F. 


ASSOCIAZIONE ELET. ITAL. 


BETHELL, U. N. 
BYLLESBY, H. M. 
CARTY, J. J. 

COLUMBIA UNIV. 
DEVINNE, T. L. 
DOREMUS, С. A. 
ECLAIRAGE ELECTRIQUE. 
EDMUNDS, C. K. 
GAUTHIER-VILLARS. 
GERARD, L. 

GODDARD, C. M. 

IRON & STEEL INST. 
JENKS, W. J. 

LIBRARY OF CONGRESS. 


MCGRAW PUBLISHING COMPANY. 

MARTIN, Т. С. 

MULOCK, SIR WM. 

NATIONAL PHYS. LAB. 

М. Y. CITY COM. ON ELEC. LIGHT- 
ING 

PEDERSON, F. M. 

PLASS, J. 

POLYTECHNIC INST., BROOKLYN. 

RIES, E. E. 

ROSENTHAL, L. W. 

SCHEFFLER, F. A. 

SPRAGUE, F. J. 

STEVENS, J. F. 

THURSO, J. W. 

WARD, G. G. 

WEAVER, W. D. 

WEST SOC. ENG. 

WOODBURY, C. J. Н. 
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Following are the statistics of the Library, brought up to 


May 1, 1906: 


STATISTICS OF LIBRARY. 


Source. 


Report of May 1, 1905............. 


PuRCHASES: 


Carnegie Ечпа.................. 
Donation Fund.................. 
Mailloux Fund.................. 
Institute Appropriation........... 
Регпїойїса]$...................... 


GIFTS: 


W. J. ]оһп5їоп.................. 
Edward D. Adams............... 


Total, May 1, 1906............ 
Duüplhcates c nV 


Duplicate Periodical Titles.. 


Vol- | Pam- 

Titles. | umes. |phlets | Valuation. 
7219 |10204 392 | $21,244.31 
7 98 76.02 
36 44 99 92.05 
4 7 37.45 

3 7 26.00 
74 184 368.00 
75.00 

3 S 53.93 

1 19 38.00 

58 146 24 58.55 
7400 |10717 | 515 | $22,069.31 
228 609 524.74 

80 

7002 [10108 515 21,244.57 
1, 


Following is the total valuation of the Library on May 
1906, including permanent Library fixtures: 


TOTAL VALUATION. 


BOOKS ist ERE A RESERVAS 
Book Stacks................ 


ee à е $ © © ө ө е + 9 э е ө * ^» э $ ө 


ооо € э е э э өе ө э „ $6 * э « э ө э 


ЖОЛАК Г ТК КҮ ОС $22,069.31 


1,470.25 


$23,074.70 
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Following are tabulations giving the present state of the 
several funds of which the Library Committee has cognizance: 


DonaTions (GENERAL LIBRARY FUND). 


Dr. Cr. 
Balance May 1, 1905..... $315.31 Purchase of books. ...... $92.05 
Interest May 1, 1906..... 9.30 Unexpended............ 232.56 
$324.61 $324.61 

CARNEGIE FUND. 

Dr. Cr. 
Balance May 1, 1905. . . $4,082.37 Wheeler Bibliography.. $251.50 
Interest May 1, 1906... 121.50 Unexpended.......... 3,952.37 
$1,203.87 $4,203.87 


MaiLLovx ENDOWMENT Есмо. ($1,000.) 


(Proceeds for the maintenance of certain sets of periodical publications.) 


Dr. Cr. 
Balance May 1, 1905...:.. $8.20 Books and Binding.......$14.25 
Interest May 1, 1906..... . 30.00 Subscription........... р OU] 
Unexpended............. ‚ТӘ 
$38.20 $38.20 


INTERNAT'L Exec. CoNcnREss or Sr. Lovis, 1904, Есмо.. ($2052.67) 


(Proceeds for the purchase of international electrical literature.) 


Dr. 
May 1, 1906........... 


Cr. 
Unexpended........... 


The table below gives an account of funds appropriated by 
the Institute for Library purposes during the past year: 


INSTITUTE APPROPRIATIONS. 


Dr. Cr. 

Appropriation for Main- Rents ыар $1,475.04 
tenance............. $3,000.00 Insurance............. 106.35 
Sales of Periodical Cat- Salary, Librarian...... 765.00 
alogue.s i262 EIAS 51.25 Binditig а ае 154.15 
Library Supplies....... 29.62 
Subscriptions.......... 26.00 
Express and Postage... 91.34 
Miscellaneous.......... 12.20 

Distributing Periodical 
Catalogue........... 34.74 
Unexpended.......... 356.81 
$5,051.25 $3,051.25 
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Following is a comparative statement of disbursements from 
the annual appropriations of the past three years: 


1903-1904 1904-1905 1905-1906 


РЕТРО $1,505.04 $1,475.04 $1,475.04 
Гиза лсе окаян eee eae sees 54.77 106.35 106.35 
Salary, ІлЬгапап................... 780.33 .780.00 765.00 
Extra Аѕѕіѕїапсе. .................. 50.00 54.00 

Binding, Periodicals and Books....... 254.20 277.75 154.15 
Library Supplies.................... 65.36 16.51 29.62 
$иЬзсгїрНїопв...................... 20.00 32.00 26.00 
Express and Роѕќаре................ 11.35 14.60 {126.08 
М1зсеПапеоц....................... 7.70 — *109.35 12.20 
Unexpended. лазии еек REESE 251.25 384.40 356.81 
Арргорпайоп...................... $3,000.00 $3,250.00 $3,051.25 


* Includes $101.25 for printing Catalogue of Periodicals, for which an extra appropria 
tion of $250.00 was made. 
{ Includes expense of distributing Catalogue of Periodicals to members. 


THE LIBRARY COMMITTEE, 


W. J. JENKS. 

F. A. PATTISON. 

Е. W. ROLLER. 

C. A. TERRY. 

W. D. Weaver, Chairman. 
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TRANSFORMATION OF ELECTRIC POWER INTO LIGHT. 


BY CHARLES PROTEUS STEINMETZ. 


—À — 


I. GENERAL. 


Of all the achievements of modern science or engineering the 
production of light is theleast creditable. Inthe transformation 
of electric power into mechanical power, as in the electric motor, 
or the transformation of mechanical power into electric power, 
as in the dynamo, efficiencies far higher than 90 per cent. have 
been reached. The transformation is practically complete. All 
further advance must be expected in the direction of increased 
reliability of operation, decreased size and cost, etc. Even in 
the steam-engine or steam-turbine, 60 per cent. or more of the 
available energy of the steam as it issues from the boiler is re- 
covered as mechanical work. 

In the production of light, the efficiency of the incandescent 
lamp is measured by a fraction of one per cent., and if we should 
succeed in increasing the efficiency of light production tenfold — 
get ten times as much light as weget now from thesame power-— 
the efficiency of production of light would still be ridiculously 
low; and even with a hundred times its present efficiency, it prob- 
ably would compare unfavorably with efficiencies that are 
familiar to us in other electrical apparatus. While the incan- 
descent lamp is more efficient than the gas-flame, or the kerosene 
lamp; that is, gives less heat with the same light, still its efficiency 
isextremely low. The main reason for this condition appears to 
be that in the incandescent lamp or the ordinary carbon arc-lamp 
the light is really a by-product; that is, the lamp converts electric 
energy into heat, and only incidentally produces light. 
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II. LIGHTING BY INCANDESCENCE. 

If energy is impressed upon a solid or a liquid, as by passing an 
electric current through a carbon filament, and no other work 
done, the body is heated. "This energy must be given off again; 
it 1s given off partly by conduction, but largely by being radiated 
from the incandescent body. Ву increasing the power, the 
amount of radiation increases; and there are changes in the qual- 
ity of the radiation too: first appear radiations of very great 
wave-length or very low frequency, then, with the increasing 
power, higher frequencies appear; that is, the wave-length of 
radiation becomes shorter. In other words, in addition to the 
long waves which appear in the beginning, shorter and shorter 
Waves appear: not only the total amount of radiation increases, 
but also the variety of waves increases and, ultimately at a cer- 
tain amount of heat given to the Бойу or at a certain temperature, 
waves as short as 750 и и appear. These are noticeable to the 
eve as dark-red light. Then still shorter waves appear grad- 
ually: orange, yellow, green, blue, lavender, violet. Bevond 
wave-lengths of 400 ии, the waves again become invisible, as so- 
called ultraviolet waves. 

Of the infinite variety of waves radiated by a heated body—from 
the long heat waves given by liquid air to the shortest ultraviolet 
waves, many octaves of wave-length in all—somewhat less than 
one octave is visible to the eve. These wave-lengths are useful 
as light; the rest is wasted energy. А parallel would be found in 
the case of a musical instrument of six or eight or more octaves, 
producing less than one audible octave. To this fact is due 
the very low efficiency of light production by heat: of the total 
system of radiation only a very narrow range is useful, less than 
one octave. 

Of these useful ravs, the visible three-quarters of an octave, 
none appears until the temperature is fairly high. Below that, 
only the long waves appear. That means the average wave- 
length of radiation decreases with the temperature. Or, with 
increase of temperature, not only the existing waves become in- 
tense, but shorter and shorter waves appear, and the intensity 
maximum moves toward a shorter wave-length. With increase of 
temperature, the percentage of visible radiation thereby becomes 
greater and ultimately reaches a maximum, or the efficiency 
would be the highest when the maximum intensity lies just with- 
in the visible octave. Where this maximum may be is unknown, 
but itis bevond the temperature of the crater of the arc, possibly 
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somewhere between 4,000? and 5,000? cent. At that temperature 
the efficiency of theincandescentlightis a maximum, and probably 
from one-quarter to one-half watt per candle-power. But even 
then the efficiency is not high, 5 to 10%, or thereabouts. It 
follows, however, that even if we could raise the incandescent 
body to the temperature of maximum efficiency, we would still 
get only about 5 to 10% of all the energy as light. The other 
90% would be ultraviolet, chemical or actinic rays, X-rays, or long 
heat-waves. There is thus an absolute nun to efficiency of light- 
ing by incandescence. 

The higher the temperature the greater the light efficiency of 
an incandescent body. Carbon is apparently the most refractory 
of all substances—its boiling point being somewhere near 3,500? 
cent., so an incandescent body, at the highest possible tem- 
perature and the incandescent crater of the carbon arc are the 
most efficient sources of light by incandescence. They are still 
somewhat below the temperature of the efficiency maximum. 

Incandescent lighting is effected by the electric current, either 
by raising the temperature of the hght-giving solid body, a lamp 
filament, by passing a current through it, or by passing the cur- 
rent from it into another body. In the latter case the temper- 
ature of the boiling point of the materialis reached, and thecrater 
of the carbon arc lamp is at the highest temperature which can 
be reached ; gives it an incandescent light of maximum efficiency, 
probably not very far from half a watt per candle-power. But 
the large amount of energy, which is conducted away bv air 
currents, etc., greatly reduces the actual efficiency of the car- 
bon arc below this value. 

When producing light by passing an electric current through 
the conductor, as in the incandescent lamp, no such efficiency 
сап bereached. Неге carbon is also chiefly used. The higher the 
temperature of the incandescent-lamp filament, the greater is the 
efüciency ; but the limit of the temperature is not the boiling point 
of carbon, 3,500? cent., but far below that; it is the temperature 
where evaporation of the filament becomes so rapid as to limit 
its life below economical requirements. This is probably not 
very far from 1,800? cent. Far below the boiling point, evapora- 
tion takes place: water evaporates at ordinary temperatures; 
even below the freezing point snow and iceevaporate very notice- 
ably. An incandescent carbon filament evaporates, thereby 
decreasing in cross-section, and increasing in resistance; the 
current decreases, therefore the temperature decreases and with 
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the temperature the efficiency decreases. As the condensed 
carbon vapor blackens the globe and obstructs the light, another 
- decrease of light results from absorption. Thus efficiency has 
to be sacrificed in the incandescent lamp to get good life, and 
the specific consumption of electric power, instead of being one 
watt per candle-power (as in the case of the arc lamp) becomes as 
high as four watts per candle-power. 

The arc, then, is the more efficient illuminant. But its 
efficiency is still low, and here there has been a similar result; 
to increase the life, the efficiency has been decreased by enclosing 
the carbon arc, in the present long-burning lamp. Increasing 
the efficiency of the arc by reducing the conduction of heat by 
a decrease of the diameter of the carbon has also been tried, with 
the same result—exchanging efficiency for life. 

In the incandescent lamp, the problem of increasing the effi- 
ciency can be attacked in two ways. One way is to replace 
the carbon by a material which has a lower vapor-tension at 
high temperature. While carbon has the highest boiling point, 
it is not the boiling point which is of importance in a lamp 
filament, provided that this point is sufficiently high—itis the 
vapor-tension far below this point. 

For instance, the metals osmium, tantalum, wolfram (tung- 
sten) have a lower melting point or boiling point than carbon, 
but they have at the same high temperature a lower vapor- 
tension, due possibly to the much greater atomic weight 
and so much greater heaviness per molecule (atomic weight of 
carbon, 12; osmium, 191; tantalum. 183; wolfram, 184). These 
metals can be operated at a higher temperature than carbon, 
and as lamp filaments they give a much greater efficiency than 
the carbon filament. 

The efticiency of the incandescent lamp can be improved by 
replacing the carbon filament with a material which has a lower 
vapor-tension, and a sufficiently high melting point. Tantalum, 
osmium, wolfram, or tungsten as materials for incandescent- 
lamp filaments, promise to revolutionize the incandescent lamp, 
by holding out fair promise of an ultimate efficiency of about 
2 watts per mean spherical candle-power for tantalum, 1.5 watts 
for osmium, and 1 watt per mean spherical candle-power for 
wolfram-—compared with about + watts per mean spherical 
candle-power for the carbon-hlament lamp. The objection to 
these metal filaments obviously is the low resistivity inherent 
to metals, which restricts their use to relatively larger units 
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or at least makes difficult the production of low candle-power 
Sizes. 

Another way of improving the efficiency of the incandescent 
lamp is by improving the carbon. The vapor-tension depends 
not only on the chemical constitution, but also on the physical 
structure. Ice evaporates very much slower than a mass of 
loose snow. Furthermore, it is possible to produce different 
forms, possibly allotropic modifications of carbon, of different 
rates of self-destruction. The product of carbonization of fibre 
or cellulose can not be run at as high a temperature with the 
same length of life, as can carbon deposited from hydrocarbons, 
as benzol or benzine, by high temperature. Experiments with 
carbon at very high temperatures show probably greater varia- 
tions in the character of carbon, than with any other material. 
Possibly this is due to the tendency which the carbon atom 
has more than any other atom, of polymerization, and especially 
ring formation, which results in the formation of allotropic 
modifications of carbon, having the greater stability of such 
polvmerized molecules. So at the boiling point of carbon, the 
carbon deposited from hydrocarbons converts, under the in- 
fluence of atoms which can enter and leave the carbon chain, 
into an allotropic modification having pronóunced metallic 
characteristics, as elasticity, a positive temperature coefficient of 
resistance, etc., and very great stability,so that asa lamp filament 
this form of carbon can be run up to a considerably higher 
efficiency, іп the so-called ‘‘ metallized filament.” 


III. SELECTIVE RADIATION OF SOLIDS. 


Most incandescent bodies give the same, or approximately 
the same law of radiation, that of the so-called “ black body ”’; 
that is, at the same temperature the intensity of radiation varies 
with the wave-length or frequency in the same manner, some- 
what similar to that shown by Curve I, Fig. 1,* with a maximum 
at a certain wave-length. At higher temperature, Curve II', a 
similar intensity curve exists, with the maximum at shorter 
wave-length, or higher frequency, so that the intensity within 
the visible range, shown shaded in Fig. 1, is a higher percentage 
of the total radiation; that is, the efficiency of light production 
is higher. | 

If, however, a body could be found which at the teinperature 


* These curves, drawn with the logarithm of the frequency of radia- 
tion as abscissas, are only illustrative, and not quantitative nor based 
on experiment, but merely illustrating the statements made above. 
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corresponding to Curve I, gives an abnormally low radiation 
outside of the visible range, as illustrated by Curve III, or 
which with normal radiation in the invisible range gives an 
abnormally high radiation in the visible range, as illustrated 


Fic. 1. 


by Curve IV, then in either case the visible radiation would be a 
greater percentage of the total radiation than corresponds to 
the temperature; that is, the efficiency of light production would 
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be higher than that of a black body at the same temperature. 
Theoretically such a body with selective radiation might give 
an efficiency higher than the absolute maximum of light effi- 
ciency of black-body radiation. 

Either of the two cases; Бб high radiation in the 
visible, and abnormally low radiation in the invisible range, 
may give the same shape of intensity curve, the only dif- 
ference being that in the first case the total radiation per unit 
surface is higher, in the last case lower than that of a black 
body at the same temperature. That is, with the same amount 
of light radiation and the same efficiency, in the last case the 
radiating surface is greater than in the first case, and this may 
give a criterion to decide between the two alternatives. 

With suchselective radiation, there isa distribution of intensity 
throughout the visible range and so the color of the light may 
differ from that of an incandescent body. With abnormally 
high radiation in the visible range, the increase of intensity 15 
probably greatest in the middle of the visible spectrum; with 
abnormally low radiation in the invisible, the decrease of in- 
tensity is least in the center of the visible spectrum. In either 
case the tendency is towards preponderance of the wave-lengths 
in the middle of the visible spectrum; that is, the greenish- 
yellow, as characteristic of such selective radiation, and ap- 
parent in the Welsbach mantle. Typical of such selective 
radiation is the lime cylinder of the calcium light, and possibly 
the flame of burning magnesium. 

With gas as illuminant, a very great increase of efficiency 
has resulted from the use of selective radiation; as found in the 
Welsbach mantle. 

In electric lighting, the Nernst lamp probably represents the 
first attempt, on a large scale, of improving the efficiency of 
light production bv selective radiation. It has not been as 
successful as in gas lighting, since the efficiency of the Nernst 
lamp does not differ much from that of the carbon incandescent 
lamp, while the efficiency of the Welsbach mantle is many times 
higher than that of the ordinary gas flame. Thereason probably 
is that with a very inefficient illuminant, as the gas flame, the 
additional light given by selective radiation may increase the 
total light several fold, while the same amount of additional 
selective radiation with a relatively far more efficient illu- 
minant, as the incandescent lamp, is a far lower percentage of 
the total visible radiation. Or, to illustrate, the additional 
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shaded area, between the dotted and the drawn line in Curve 
Гү, Fig. 1, inereases the efficiency threefold, while the same 
additional area, added to the shaded area of Curve II, would 
not materially increase the efficiency. That is, the increase 
of efficiency by selective radiation of an incandescent body 
becomes less with a more efficient illuminant, and selective 
radiation may greatly increase the efficiency of inefficient illu- 
minants, but not so much that of efficient illuminants, so that 
the hope of very greatly increasing the efficiency of light pro- 
duction by selective radiation of solids does not appear verv 
strong. However, some of the recent very efficient incandescent- 
lamp filaments, as tungsten and osmium, may owe their high 
efficiency partly to selective radiation; that is, they give light 
not only by incandescence, but also by luminescence. 


IV. ELECTROLUMINESCENCE OF VAPORS AND GASES. 


The problem of efficient light production consists of producing 
radiations; that is, vibrations of the molecules or atoms of the 
light-giving body, of frequencies within a limited narrow range, 
that of a visible radiation, and as few vibrations as possible 
outside of this range. When heating a solid bodv, the energy 
put into it as heat sets the molecules or atoms in motion, in 
vibration. Where they are close together, as in a solid or 
liquid, they cannot vibrate freely; each cannot have a period 
of its own. Just as all the different grains in a sand heap can 
not vibrate simultaneously as do the molecules of a tuning 
fork,and the vibration is irregular. АП you can get is a mixture 
of all kinds of vibrations, not a tune, but a noise. To get a 
tune requires a body which can vibrate freely without restraint; 
that means a gas; as the gas molecules are free, thev can execute 
free vibration. A vibration of a definite pitch, definite fre- 
quency, that is definite color of light can be produced only in a 
gas or vapor. But when heating a gas or vapor, the energy 
put into 1t appears not as vibration of the molecules, except 
perhaps indirectly at extremelv high temperature, but as recti- 
linear motion or pressure. The molecules move faster in their 
rectilinear paths, and so strike the boundary at higher velocity ; 
the pressure of the gas rises by increasing molecular velocitv, 
that is, increasing temperature, but the vibration of the light 
radiation does not appear. So heat, while making a solid or 
liquid incandescent, does not make a gas incandescent or lu- 
minous but merely increases its pressure. 
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There are methods, however, of setting the gas molecules in 
vibration. By chemical reaction or electric stress, gases become 
luminescent; that is, the molecules of the gas are set in vibra- 
tion. For instance, if the gas is used as a conductor of electric 
current, then the molecules of the gas are set in vibration, 
and we find a definite period of vibration, or a number of periods 
or frequencies, in which the gas molecules or atoms can vibrate; 
that is, gases give line spectra. So in a mercury arc, the mole- 
cules vibrate not as those of a solid body, but onlv with a small 
number of wave-lengths. Many of these are within the visible 
range, within the fraction of an octave which is seen by the 
eve: one is of a greenish-yellow; another wave is green; another 
is dark-green; another is blue. Two vibrations appear as violet, 
and numerous vibrations excited bv the mercury arc are, in 
the ultraviolet, very short. 

Here results a definite rate of vibration, practically inde- 
pendent of the temperature. The mercury vapor vibrates at 
that frequency which gives that particular yellow light, and 
that particular green light, etc., whether the temperature 15 
high or low, and the wave-length does not change as it does 
with the radiation of a solid incandescent body; it is fixed by 
the nature of the molecule, so that the temperature has no 
direct effect. It has an indirect effect in so far as at higher 
temperature, periods of vibrations may become more prominent, 
while small, or almost non-existing, at low temperatures. 
For instance, in mercury vapor the lowest frequency is that 
giving the greenish-yellow line, but no appreciable amount of 
vibration is so slow as to give red hght at ordinary temperature. 
When you raise the temperature very high (but still below the 
temperature of the incandescent-lamp filament) then the 
mercury molecule begins to execute a slow vibration, which 
gives an intense red light, and red lines appear in the mercury 
arc; with increasing temperature it gradually changes its 
color from green to white to red. Here we have a particularly 
interesting illustration that for luminescent vapors or gases the 
law of the black-body radiation does not apply. In a solid 
black body, with increasing temperature, the mean wave-length 
decreases, shorter waves appear, and the light changes from the 
red over yellow toward white. Now it happens that with 
mercurv vapor at the higher temperature, a slower vibration, or 
longer wave, of red light, increases in intensity faster than the 
short vibrations, and the light changes from green to white and 


764 STEINMETZ: TRANSFORMATION OF [Nov. 23 


ultimately to reddish-pink at high temperature. It is a mere 
incident, but it shows that temperature has no effect directly, 
only indirectly, in that particular rates of vibration may appear 
with change of temperature, may become more or less prom- 
inent, depending on the material which luminesces. 

As a rule, then, it can be said that such an arc or a luminescent 
gas or vapor is more efficient as a producer of light, the lower 
the temperature. This is just the reverse of the solid incan- 
descent bodv. In a solid bodv the higher the temperature 
the larger a percentage of radiation 15 within the visible range, 
and the higher the efficiency. In a gas or vapor, a certain 
definite vibration 1s impressed directly by the electric energv 
or the chemical energy which sets up the oscillation; the heat 
which is produced is incidental, is a by-product and therefore 
a waste. The lower the temperature the less waste of energv 
takes place as heat, and the more efficient 1s the luminescent 
gas. With a luminescent gas the heat is a by-product which 
we want to decrease just as in an electric motor or generator; 
that is, the lower the temperature the better. This is one 
reason why the mercurv arc is extremelv efficient; it has the 
lowest temperature. 

Theoretically, there is no limit to the efficiency of a luminescent 
vapor. A vapor mav be imagined which vibrates only with 
one particular wave-length, sav a yellow line. That means all 
the energy put into it must be radiated at that particular wave- 
length, as yellow light, and therefore the conversion of electric 
energy into light would be 100 per cent., not counting the energy 
lost by heat convection or conduction. The latter can be made 
verv small by enclosure in a vacuum. Complete conversion of 
electric power into light would so result, if all the spectrum 
lines were within the visible range. That is never the case. 
There is no definite law giving the percentage of energy which 
appears as radiation in the visible spectrum, and which appears 
outside of the visible range as ultrared and ultraviolet lines; 
but the position of the lines in the spectrum 1s an individual 
characteristic of the gas or vapor. The problem of efficient 
light production is to find a material having most lines in the 
visible range of the spectrum. 

With mercury vapor which is set in vibration by the current, 
a very high percentage of the total energy is radiated in the 
visible range. With carbon vapor, the percentage of energy 
radiated in the visible range 1s extremely small. The carbon 
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arc is extremely low in efficiency, practically non-luminous. 
Silicon also gives a practically non-luminous arc. Others, like 
calcium, titanium, etc., give a very high percentage of light 
within the visible range, and so a high efficiency of light pro- 
duction. 

The color of light produced by incandescence varies from 
reddish-yellow at low temperature, to yellow, and approaches 
yellowish-white at higher temperature. Selective radiation of 
solids tends to superpose hereon a preponderance of greenish- 
vellow rays, without, however, greatly changing the color. 
With electroluminescence of vapors and gases, however, the 
color of the light depends on which of the spectrum lines happen 
to be most prominent. 

Electroluminescence makes it possible to produce light of апу 
color. This, however, greatly complicates the question of ef- 
ficiency. As efficiency can no longer be considered the ratio 
of the power radiated within the visible range to the total power 
input, since the different parts of the visible spectrum have entirely 
different energy-equivalents: one candle-power of red light, or 
of violet light, represents many times more power which issues 
as radiation, than one candle-power of green or of yellow light. 
That 15, the light-equivalent of power is a function of the wave 
length. It 15 obviously zero in the ultrared; it is very low in the 
dark-red; and gradually rises to a maximum in the yellow and 
green, and then decreases again, becoming very low in the violet, 
and zero in the ultraviolet. One candle-power per watt as red 
light or as violet light may therefore represent a fairly high 
efficiency, while 10 candle-power per watt, with green or yellow 
light, would be a far lower efficiency. That is, the energy radi- 
ated in a beam of one candle-power red light probably is greater 
than the energy of a beam of 10 candle-power of green light. 

This feature explains the impossibility of determining effi- 
ciencies of light by the measurement of physical quantities. 
Light is the physiological conception of some wave-lengths of 
radiation, but no physical quantity. 

Where high economy of light production is the only, or the 
foremost consideration, spectra in which green or yellow pre- 
ponderates are therefore selected ; for instanceas mercury, bluish- 
green in the mercury arc lamp—or calcium—yellow, in the flame 
carbon lamp. These two illuminants give high efficiency, but 
they give it by sacrificing the inefficient colors at the end of the 
visible range. But, unfortunately, the sun, as an incandescent 
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body, gives the light of solids or liquids, and therefore gives 
all the radiations, with the red end of the spectrum specially 
prominent ; and, since we call the sun white, the light from the 
mercury arc appears green, that of the flame carbon arc yellow; 
not the yellow of the incandescent lamp, but a pronounced mono- 
chromatic hue. 

The mercury arc and the flame carbon arc are useful for cheap 
lighting, regardless of color. They also find an application for 
special effects due to their color. So the mercury arc is eminently 
suited for outdoor lighting in suburban districts where its effect 
on foliage and snow makes it superior to illuminants containing 
red rays and so intensifing the appearance of incipient death in 
the vegetation, and where the intrinsic brilliancy of illumination 
can be kept sufficiently low as nottoshow the objectionable effect 
of monochromatic light. The flame carbon arc finds its field in 
advertising, where its intense glare makes it especially suitable. 

For general illumination, however, at least in this countrv, 
people have become educated to require as close an approach 
to daylight as possible; that is, to require white light. The 
problem, then, is to find a vapor which gives spectrum lines 
over the whole visible range, distributed approximately in the 
same manner as the intensity in the solar spectrum, and giving 
as few lines as possible outside of the visible spectrum. 

A substance giving spectrum lines uniformly distributed in 
their intensity over the whole visible range, shouid not give white, 
but a pronounced green light, due to the higher physiological 
effect of the radiations in the middle of the spectrum. By the 
law of probabilitv, amongst the spectra of the chemical elements, 
the predominant intensitv of radiation should be found just as 
often in one wave-length as in any other. Phvsiologically, there- 
fore, green should predominate in the colors of metal spectra. 
To a certain extent this is true. Red metal spectra are rare, 
green most prominent. Bluish metal spectra, however, are much 
more frequent than should be expected by probability, and it 
therefore seems that in molecular vibrations of vapors, shorter 
wave-lengths or higher frequencies predominate. This may be 
due to the size and mass of the molecules being such as to have 
a mean frequency of oscillation higher than the average fre- 
quency of visible light. 

V. VacuumM-TuBE ILLUMINATION. 

Conduction through vapors can be of two distinctly different 

characters: spark or Geissler tube conduction, and are conduction. 
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Vapors or gases can be divided into two classes: conducting 
vapors, and non-conducting vapors. The conducting vapors 
are all of very high resistance. Hydrogen or air may be called 
a conducting gas, because a current can be passed through it, 
especially at a moderately high vacuum, as in the Geissler tube, 
which is nothing more than a tube containing the gas used as a 
conductor, at a few millimetres pressure. At this pressure, air 
becomes a fairly good conductor, but the resistance is very high 
compared with the resistance of conducting solids or liquid. 
The passage of current through the conducting gas of the Geissler 
tube produces light, by some form of luminescence. 

The mechanism of this light production does not seem to be 
known, but the light seems to be somewhat of the character of a 
by-product. The Geissler tube is extremely efficient when oper- 
ated with an alternating current of very high frequency. With 
decrease of frequency, its efficiency decreases and heat is pro- 
duced; that is, the frequency of radiation from the Geissler tube 
seems to vary with the frequency of the impressed alternating 
electromotive force, and have its intensity maximum near the 
visible range only at very high frequency currents. The pro- 
duction of light in the Geissler tube therefore seems to be connected 
in some way with the change of electric stress. It is not depend- 
ent on it, because even with a steady current the Geissler tube 
gives light, but its efficiency of light production vastly increases, 
and the energy is converted more into light and less into heat, 
with increasing frequency. Herein seems to lie the great difti- 
cultv in this method of producing light by using conducting 
gases at low pressure. 

Considerable work has been done in this direction 5v able in- 
vestigators, and with some success. Тһе .Geissler tube gives a 
very nice light; and by using a suitable gas 1t can be made to give 
any color,only the intrinsic briliancy is very low. Very large 
tube surfaces must therefore be used for illumination, of a magni- 
tude probably a hundred times as large as with the mercury arc, 
which latter is already recognized as a luminous source of low 
intrinsic brilliancy. In the last years, even witha frequency of 
60 cycles, good efficiencies seem to have been reached. I do 
not believe it possible, however, to approach the magnitude of 
efficiency as given by the mercury, calcium, or titanium spec- 
trum. 

VI. THE Anc. 

In the Geissler tube the current is carried by the gas or vapor 

which fills the space between the electrodes. The conduction 
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is disruptive in character, or a spark discharge; that is, a mini- 
mum voltage is required. Below this voltage, no conduction 
takes place; above it the current passes, with the appearance of 
luminescence; and if the voltage falls below the minimum value 
required to start conduction, the current again ceases. The 
material of the electrodes has no direct effect, but the spectrum 
is that of the gas between the electrodes. The character of the 
current also seems to have no direct effect; alternating current 
passes at about the same voltage as direct current. 

An entirely different set of phenomena is met in arc con- 
duction. The electric arc makes its own conductor. That is, 
the current is carried across the gap between the electrodes 
by a vapor-bridge, produced by the current from the material 
of the negative electrode and maintained bv the current as a 
high-velocity vapor-stream issuing from the negative towards 
the positive, and more or less surrounding the positive terminal. 
The spectrum of the arc, therefore, is that of the negative ter- 
minal, but independent of the gas or vapor filling the space 
around it, or of the material of the positive terminal, except 
indirectly by the effect of heat, etc. 

The continuous production of the vapor-stream requires 
power in raising the negative material to the boiling point, 
evaporating it, and producing its rectilinear velocity. This 
power must be supplied by the electric circuit, as a potential 
drop at the arc terminals, independent of the length of the arc, 
and of the current—-if the volume of the vapor-stream is assumed 
as proportional to the current, which seems to be the case. 
This potential drop, e, may be called the counter electromotive 
force of the arc. 

The temperature of the arc-stream, at constant pressure in 
the surrounding space, must be constant, that of the boiling 
point of the material of the negative terminal. The power 
radiated per unit surface may therefore be also assumed as 
constant, and the total power radiated, and therefore the power 
consumed in the arc stream, as proportional to its surface; that 
is, to the product of length by diameter. Since the section of 
the arc-stream can be assumed as proportional to the current, 
it follows that the voltage consumed by the arc-stream 1s in- 
versely proportional to the square root of the current, and ap- 
proximately proportional to the arc-length, or, when allowing 
for the abstraction of energy from the arc-stream by the ter- 
minals, proportional to the arc-length plus a small constant 
quantity. | 
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This gives the theoretical volt-ampere equation of the arc: 
а(1+с 
€ = е, + ees) 


Giving the arc length 1 in inches, numerical values of this 
equation are: 


Carbon Arc: 
e, = 36+ 130 es .33) 
Я v1 
Magnetite Arc: 
ә; 
е, = 30+ 123 ro .05) 


^. 1 


With zinc or cadmium the counter electromotive force of the 
arc is: 
€, = 16 volts: with mercury, e, = 13 volts. 

In Figs. 2 and 3 are given characteristic curves for these arcs, 
for 2, 4, 8, 16 amperes, drawn from above equations with the 
values observed by test marked by crosses. As seen, the 
agreement of the calculated curves with test is as close as can 
be expected from an approximate formula, with the exception 
of the carbon arc, in which the agreement is least close. In 
the carbon arc, for short arc-lengths the curves leave the straight 
lines and slope down toward a value of ahout 28 volts at zero 
arc-length. Separating two carbon electrodes from each other 
and observing the voltage at the moment when the carbons 
leave immediate contact with each other and the voltage sud- 
denly rises, or observing the voltage immediately before the 
carbons, when shortening the arc, come in contact and the volt- 
age suddenly drops, also gives values around 28 volts. This, 
in connection with the high value of the constant c = 0.33'', 
looks as if in the carbon arc the seat of the counter electromotive 
force e, is not the immediate surface of the terminals, but a 
part of e,, about 8 volts, residing in the space surrounding the 
electrodes. This phenomenon may, however, be explained also 
by energy transfer from the hot crater of the positive terminal 
to the negative terminal at a short arc-length. 

For very low currents, where the arc-stream gets very thin 
and unsteady, and abnormally high energy losses may be 
expected, the above equations give small values; that is, the 
observed arc-voltage is higher than the calculated, especially 
with long arcs. So for the magnetite arc of one ampere, we find: 
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At атс-Іепріћ................... din. $in. 1 in. 
Observed voltage............... 58 108 184 
Calculated voltage.............. 51.5 97.5 159 
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These equations obviously apply to the arc at constant pres- 
sure, as an arc in air, in which the arc-section varies with the 
current. For an arc of constant section, in which therefore the 
pressure and the temperature varies with the current, as the 
mercury arc in a vacuum, by similar considerations an ap- 
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proximate volt-ampere characteristic is found. This is for the 
mercury arc: 


ae 1 


1.68 d - 0.066 i - LE 


1 


Characteristic of 
Magnetite Arc. 
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Fic. 3. 
with non-volatile positive terminal, and: 


elit x ——- : 


оао 


with mercury anode,* 


* The effect of the anode material on the arc characteristic 1s indirect. 
In: the case of the mercury anode the heat produced at the anode causes 
evaporation, and increases the vapor pressure above that existing with 
a graphite or iron anode. 


112 STEINMETZ: TRANSFORMATION OF [Nov.23 


where: 1 = arc-length, 

d = arc-diameter, in inches. 

From the character of arc-conduction--that the current 
makes its own conductor—it follows that the arc must be started ; 
that 1s, the vapor-bridge which carries the current must first 
be produced by the expenditure of energy before the current. 
can flow. This can be done in many ways: by bringing the 
terminals in contact with each other and so starting the current, 
and then by withdrawing the terminals from each other to form 
the arc-stream by the current; or by jumping an electrostatic 
spark across the gap and so starting conduction. 

It also follows that the arc is a direct-current phenomenon, 
and in general can not exist with an alternating current. With an 
alternating electromotive force at the end of the half-wave, thecur- 
rent dies out and therefore also the vapor-stream; and the next 
half-wave, to pass 1n opposite direction, requires a vapor-stream 
moving in the opposite direction. This does not exist, and the 
current does not pass; but the arc dies out at the end of the half- 
wave, except if the supply voltage is sufficiently high to jump 
a spark across the terminals at every half-wave, through the 
residual vapor left bv the preceding half-wave. Ап alternating 
arc, therefore, must be at every half wave in the condition for 
starting by a spark. Stroboscopic photographs with metal arcs 
show this phenomenon: a sharply defined static spark at everv 
half wave, gradually spreading out to the more diffuse arc- 
flame and then dying out at the end of the half-wave, to start 
again by a spark at the next half-wave. 

The voltage required to maintain the vapor-stream ; that is, 
the voltage consumed bv a direct-current arc, as discussed above, 
increases with increase of the arc-temperature; that 1s, increase 
of the boiling point of the terminal material. It is lowest for 
the mercury arc, highest for the carbon arc. For a 4-in. arc 
it is shown approximately by Curve I in Fig. 4, with the tem- 
perature as abscissas. The voltage required to jump a spark 
across the gap between terminals, shown roughly bv Curve II 
in Fig. 4,* decreases with increasing temperature, as is well 
known, and intersects Curve I at some temperature, 4, probably 
somewhere between 2500? and 3000? cent. Above this tem- 


ж This curve is only estimated, and so can make no claim to numerical 
accuracy. Curves I and II, the are- and the spark-curve, are shown 
once more in 4 scale (left-side ordinates) in dotted lines, and the lower 
part of II once more, in 4, scale, as II" in, Fig. 4. 
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perature, the spark-voltage is below the arc-voltage, and a 
voltage sufficiently high to maintain an arc is therefore sufh- 
ciently high tostartit again at each half-wave of alternating elec- 
tromotiveforce. Thatis, materialsas arc terminals, which have 
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a boiling point above the temperature of intersection A of Fig. 4, 
maintain a steadv alternating-current arc at about the same volt- 
age as a direct-current arc; while materials with а lower boiling 
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point than A require a higher voltage, usually very many times 
higher, to maintain an alternating, than'a direct-current arc. It 
must be considered, however, that the temperature of the boiling 
point, while being the foremost factor, is not the only factor 1n 
determining the position of a material on Curves I and II, Fig. 4. 
Individual characteristics somewhat modify the position. 

Where therefore spark-gap terminals are desired not to 
maintain an alternating arc, as for lightning-arrester cvlinders, 
thev are found on the lower range of the curve: mercury, cad- 
mium, zinc, antimony, bismuth,—the so-called ‘ non-arcing 
metals "; Where electrodes for alternating-current arc light- 
ing are required, they are found at the upper end, above А. 
In this range belong carbon and most carbides, as those of cal- 
cium and titanium. Even carbon shows the phenomenon of re- 
starting at everv half-wave, by a high peak at the beginning of 
the electromotive force wave, as shown first by Tobey and Wal- 
bridge, in a paper on alternating-current arc waves.* With in- 
creasing approach to A, this peak at the beginning of the electro- 
motive force increases in height, and the power-factor of the 
circuit tends to decrease, by wave-shape distortion. Imme- 
diately below the intersection point 4 are found very refractory 
metals as tungsten, and metaloxides, as those of titanium, etc. 

The range of voltage between Curves I and II in Fig. 4 is the 
range in which rectification takes place. That is, by main- 
taining the vapor-stream issuing continuously from one ter- 
minal, by an outside source, or bv the overlap of several arcs, 
the alternating electromotive force can pass a current in one 
direction only, and so is rectified. In this range, the arc-stream 
is a unidirectional conductor, of very low resistance in one 
direction, of practicallv infinite resistance in the opposite direc- 
tion. 

The voltage range of rectification, then, is highest atthe lower 
end of the curve, and decreases gradually to zero at the point А. 
With the first members of the group, the upper limit of the rec- 
tification range is somewhat cut down bv the disruptive strength 
of the air surrounding the arc-stream, being lower than that of 
the arc-stream, and so passing a static spark outside of the arc- 
stream, or, with a vacuum-tube arc, bv a Geissler tube discharge 
through the residual gas. In the latter case the maximum 
voltage which can be rectified depends upon, and measures the 


* Transactions A. I. E. E., 1890, Vol. 7, p. 367. 


1906.] ELECTRIC POWER INTO LIGHT. 775 


perfection of evacuation. Such Geissler tube discharge curves 
are sketched roughly, in dotted lines, as III, III! in Fig. 4. 
While vapors like mercury, zinc, etc., are very good conductors 
when in motion under the influence of the current, of a conduc- 
tivity comparable with that of electrolytes; when not under the 
influence of the current they are almost perfect insulators, and 
so can be distinguished from the so-called '' conducting gases,” 
as hydrogen, air, etc., as ''non-conducting vapors.” Low- 
temperature metal vapors thus are non-conductors. 


VII. Tue Arc AS AN ILLUMINANT. 


The spectrum of the arc 15 that of the negative material; its 
temperature that of the boiling point of the negative. There 
are, however, some apparent exceptions. For instance, thearc- 
stream can be superheated by using a high-frequency oscillating 
current of sufficiently high voltage to maintain an alternating 
arc, and a frequency so high that a sufficient vapor-stream can 
not be formed during the half-wave. In this case, groups of 
spectrum lines frequently become prominent, which are insig- 
nificant'*with saturated vapor: the mercury arc becomes bright- 
red in color; the iron arc loses most of its brilliancy, but gives 
a great quantity of intense ultraviolet rays, etc. Likewise, the 
spectrum of the positive, or a constituent of the positive ter- 
minal, can be made to appear in the arc. 

The tip of the positive is heated to the temperature of the 
vapor-stream, in the carbon arc the temperature of boiling 
carbon. If the positive terminal consists of, or contains some 
material which boils below the temperature of the vapor-stream, 
then it will evaporate out of the positive, and may thus enter 
the arc-stream. For instance, in a carbon arc, or arc with 
carbon as negative, if a carbon 1s used as positive, impregnated 
with calcium fluoride or borate, which has a relatively low 
boiling point, then the calcium vapor enters the arc-stream 
and is thereby heated to the temperature of the carbon arc. It 
becomes luminescent, whether directly by heat, or indirectly 
by chemical dissociation, or otherwise, need not be considered 
here. So the efficiency of a carbon arc can be increased by 
feeding into the arc-flame the vapor of some material which gives 
a brilliant spectrum—as calcium, which gives a yellow light of 
very great brilliancy. It is fed into the arc by the positive 
terminal, because this is the hottest, and the efficiency depends 
entirely on the temperature of the positive. If the positive is 
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very large, so as to keep cool and consumes slowly, the efficiency 
decreases, because it is produced only indirectly by material 
being evaporated from the positive and then as vapor entering 
the arc-stream. Therefore a high temperature and rapid con- 
sumption of the positive are necessary. 

It is entirely different with the true luminous arc, which car- 
res the light-giving material into the arc-flame bv the electric 
current, as the vapor-blast, which carries the current. The 
carbon as negative material is objectionable, since it gives the 
non-luminous carbon arc. Iron appears to be a very suitable 
material, since it gives a spectrum extending over the whole 
visible range. It produces practically a white light. The posi- 
tive can then be maintained cold without affecting the brilhancyv 
or efficiency of thearc. The negative can also be cooled without 
appreciable effect on the efficiency, since the current still pro- 
duces the vapor-blast from it, and so the light. If cooled too 
much the voltage in the arc may rise a little, because 1t requires 
more energy to produce the iron vapor from the cool negative 
than from the hot negative, but still the efficiency is not much 
affected. | 

There ате, then, two distinct wavs of producing luminescence 
of the arc: first, directly by using some material as negative 
which gives a luminous spectrum ; that is, a spectrum with many 
lines in the visible range, preferably covering this whole range, 
to get white light; secondly, indirectly by using some material 
to carrv the current which gives a very high temperature to the 
arc-stream—-which means practically carbon—and making the 
arc-stream luminous bv feeding some light-giving substance into 
the arc from the positive terminal. -In the former case the arc 
has the characteristic. of the iron arc or titanium arc, whatever 
material is used; in the latter case, 1t has the characteristic of 
the carbon arc. 

Since the carbon arc 1s the steadiest arc, the most work 
has been done in the latter direction. The former method, of 
feeding the luminescent material bv the current from the negative 
material, has the advantage, however, that the efficiency does 
not depend on the temperature of theelectrodes: the rate of con- 
sumption of the negative electrode can thus be greatly decreased 
bv maintaining it at low temperature; while the positive elec- 
trode, which takes no part in the arc conduction, can be made 
entirely non-consuming. This method seems to be a more direct 
conversion of electric power into light. 
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These two forms of arc have come into prominence recently; 
the flame carbon arc and the metal compound arc; that is, an 
arc in which carbon is not used, but some other material which 
gives a luminous spectrum, as iron or titanium. In the former 
case the characteristics are those of the carbon arc. All the ma- 
terials which can be used to increase the efficiencv of the carbon 
arc—calcium compounds are used almost exclusively—deposit 
as solids after passing through the arc-flame, and therefore ven- 
tilation must be provided to carry off the smoke; that is, the 
arc must be a so-called '' open " or “ burning " arc. The life of 
the electrodes is about 10 hours. Flame carbon arcs therefore 
have short-life electrodes, though their efficiency is high. 
Again, efficiency has to be ballanced against life, or decreased 
cost of power against increased cost of electrodes and attendance. 
Here in the States the short-burning arcs for street lighting have 
practically disappeared. Indoors the excessive brilliancy and 
the smoke are objectionable, so that the flame carbon arc does. 
not offer much prospect for general illumination. 

More prospect of success appears to exist in the true luminous 
arc, an arc using as negative a material giving an efficient and 
brilliant spectrum. Such material should give lines uniformly 
distributed not only in the green or yellow, but over the whole 
visible range, and the material should not be attacked in air, 
even at high temperature. The arc must be an open arc, since 
the material deposits as solid, and to get electrodes with long 
life, a material is required which is stable at high temperature 
in the air. 

There are very many metals which give luminous spectra,. 
but those which give white are substantially the metals of the 
iron group only—iron, titanium, wolfram, etc. 

Long-burning quality requires a material which is not affected, 
or only little affected by the air. This, in general, excludes the 
metals, but requires a stable oxide or other fairly stable compound, 
as some carbides are. It should also be a conductor, since as arc 
electrode it has to carry the current. In the intermediate oxide: 
of iron magnetite (Fe, O,), a material is found which is a good 
conductor, is stable at high temperatures as well as at low tem- 
peratures and gives a white spectrum. In such an electro lumin- 
escent arc, any stable material is suitable as a positive terminal. 
Copper is generally used because it is cheap, is stable at fairly 
high temperature, is a very good conducto: of heat, and when 
heated by the arc carries the heat away with sufficient. rapidity 
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not to melt or oxidize appreciably. In all these arcs the vapor 
stream from the negative is a necessity. In the mercury arc it is 
easiest of observation, because the arc is enclosed in a glass tube. 

The amount of vapor produced by the current from the nega- 
tive is usually many times greater than necessary to carry the 
current, and most of itcan be condensed without any appreciable 
change in the arc-stream. So also magnetite consumes at a much 
greater rate than is necessarv,of an order of 1 gram per-ampere- 
hour. This rate of evaporation is greatly reduced by the addi- 
tion of small quantities of a material which his chemically not 
much different from magnetite, but is much more refractory; so 
that at the temperature where the magnetite melts this material 
is still solid and forms a kind of sponge in which the melted mag- 
netite is held and its consumption greatly retarded. 

Magnetite, however, while a good conductor of the arc-stream, 
is not very efficient as a producer of light, and added thereto 
are other materials which give a very high efficiencv, as titanium 
compounds. 

In the magnetite arc—as used at present, that 1s, in which the 
magnetite electrode contains titanium oxide, etc.—magnetite is 
essentially the carrier of the arc conduction, just as carbon in 
the yellow-flame arc; titanium with its highlv efficient white 
spectrum takes in the magnetite arc the same place as calcium in 
the flame arc, as light-giving substance, but titanium is carried 
into the arc stream bv the current from the negative, while cal- 
cium in the flame arc enters bv evaporation from the positive. 

The elimination of carbon in the magnetite arc excludes com- 
bustion, and this increases the life of electrodes to about twenty 
times that of carbon electrodes under the same conditions; but 
just as with the carbon arc, the efficiency of the magnetite arc 
can be varied over a wide range, with a corresponding variation 
of life in opposite direction. That is, by sacrificing some effici- 
ency the life can be greatly increased, or the efficiency can be 
increased by somewhat reducing the life, bv increasing the 
percentage of light-giving material: usually titanium oxide in the 
magnetite arc, calcium fluoride or borate in the flame carbon arc. 
In either case, a very high percentage of the light-giving material 
tends to the formation of a non-conducting slag at the electrode 
surface, and if the highest possible efficiencies are desired—1 watt 
per candle-power, and better—the effect of the non.conducting, 
or poorlv-conducting electrode surface has to be eliminated, bv 
starting the arc from the side of the electrode, or some other 
method. | 
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Magnetite, titanium oxide, and most metals or their compounds 
are on curve Fig. 4 below the intersection point A; that is, do 
,not maintain a steady alternating arc. For alternating arcs, 
therefore, one of the materials is required which is above point 
A іп Fig. 4. In this range, there are carbon, carbides, and similar 
compounds. 

Thus the titanium arc with alternating current can not use 
magnetite as carrier, and titanium oxide as light-giving material; 
but titanium carbide is used as arc conductor. It obviously 
is not so incombustible as the oxide, but still so much more stable 
than carbon as to be well within the range of long-burning arcs. 

To conclude, then, in the luminous arc we seem to have the 
first instance of a commercial application of a direct conversion 
of electric power into light, without heat as intermediary form 
of energy. It is not limited to verv low values of efficiency. 
But so far it seems that only the green mercury spectrum, the 
yellow calcium spectrum, and the white titanium spectrum offer 
an efficiency so vastly superior to that of incandescent solids, 
that as regards the efficiency of light production no possible im- 
provement in incandescent lighting could hope to approach it. 
Typical of these three most efficient spectra are the mercury-arc 
lamp, of practically infinite life and bluish-green color of light; 
the yellow flame carbon arc of the short life of the open arc-lamp 
of old; and the white titanium carbide or magnetite arc, of a life 
equal to or greater than that of the enclosed carbon arc. 
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DISCUSSION ON “THE EFFECT OF [RON IN DISTORTING ALTER- 
NATING-CURRENT WavE-FonM" Ат NEw YORK, SEPTEMBER 
28, 1906. 


W Charles Proteus Steinmetz: This paper deals with the 
wave-shape distortion produced іп alternating-current сіг- 
cuits by the introduction of iron. It is a theoretical paper, 
and while of scientific interest appears at first of rather little 
practical value to the electrical engineer. There is, however. 
to-day only a very short step between pure scientific investiga- 
tion and engineering practice; and I hope to show you that the 
phenomena dealt with in this paper, and similar phenomena,/'are 
. of verv great practical importance in alternating-current dis- 
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tribution; that is, wave-shape distortion may lead to effects not. 
only very marked and pronounced but occasionally disastrous. 
In general, in investigating the effect of iron in alternating- 
current circuits, the curve of exciting current is calculated from 
the hysteresis cycle of the iron. Dr. Bedell proceeds inversely 
by superposing different harmonics of current. From these 
complex currents he produces a hysteresis loop, noting whether 
this hysteresis loop is a reasonable one or not, and deriving there- 
from relations regarding the relative intensity and phase of the 
triple harmonic in the wave of exciting current. As far as the 
investigation goes, it extends only to the fundamental and triple 
harmonics; the investigation of higher harmonics isleft toa future 
occasion. | 
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These higher harmonics obviously modify to a certain extent 
the conclusions arrived at by assuming merely the fundamental 
and triple harmonic as present. For instance, by superposing 
a triple harmonic upon the fundamental wave, one gets a wave of 
the shape shown in Fig. 1., with a hump on the rising side anda 
hollow on the decreasing side. Introducing a triple harmonic of 
higher amplitude causes the hump to develop into a double peak 
asinFig.2. Itisobviousthata double peak cannot exist, because 
whatever relation may exist between the magnetism and the 
magnetizing current, the current must nse as long as the magnet- 
ism rises; inversely, the curve must steadily rise, the maximum 
possible value of the triple harmonic being that value which 
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does not vet give a downward bend, but merely flattens the cur- 
rent wave on the rising side. This maximum amplitude of the 
third harmonic can» however. be exceeded if higher harmonics 
are present. Assume for instance a fifth harmonic which has 
such a phase relation as to be negative at A Fig. 2, and positive 
at B, and then superimpose this fifth harmonic on the double- 
peaked wave; it will be seen that it cuts oft the peak and fills up 
the hollow, and gives a wave which represents a possible hv- 
steresis cycle, as seen in Fig. 3. The effect of the fifth harmonic. 
then, is to permit the existence of a triple harmonic, larger than 
could exist in the absence of the fifth harmonic. It 15 quite prob- 
able that not infrequently in the exciting current there occur 
triple-harmonic currents higher than the maximum value cal- 
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culated in Dr. Bedell’s paper, and the double peak 1s cut off. by 
the fifth harmonic. The fifth harmonic being in phase, approxi- 
mately, at the maximum value of magnetism, is approximately 
in opposition at the zero of magnetism, where the double peak 
tends to form. This brings up the question of the desirability 
of extending Dr. Bedell’s investigation to stil higher har- 
monics, the fifth, seventh, ninth, etc. 

An interesting investigation of the wave-shape distortion of the 
exciting current is given in a paper presented to the Institute 
May 1896 by C. K. Huguet. It was this: let there be a sine 
wave of electromotive force, producing a sine wave of magnetism, 
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and from the hysteresis cvcle construct the wave of exciting cur- 
rent, this exciting current can be resolved into two components: 
one component symmetrical with regard to the wave of magnetism, 
or wattless current; the other symmetrical with regard to the 
wave of electromotive force, representing power. The com- 
ponent in phase with the magnetism will be found to be greatly 
distorted, while the component in phase with the electromotive 
force is practically a sine wave, as shown in Fig. 4. I have 
checked this in quite a number of cases and it agrees nicely, 
except that there alwavs are some small very high harmonics 
in the energy wave which makes this curve horizontal at the 
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zero value. That is, the harmonics symmetrical with regard to 
the electromotive force are noticeable only at thezero point, asa 
flattening out. The magnetism curve at this point is horizontal, 
so that the resultant current curve must be horizontal also. 
This could be expressed by stating that the distortion of the wave 
of the exciting current is due, not to the energy lost in the iron, 
but to the magnetic characteristic or the bending of the satura- 
tion curve, and therefore it is this curve which we should endeavor 
to construct, the magnetic characteristic as it would be given by 
a magnetic cycle, in the absence of hysteresis loss; this would 
probably give approximately the higher harmonics in the ex- 
citing curve wave. 

Sometime in 1881 or 1882 Dr. Froehlich noticed that the 
magnetic characteristic of the dynamo machine could be ap- 
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proximately represented by a parabolic curve. Dr. Kennelly 
showed, in 1891*, that the B H curve, or magnetic characteristic 
of iron, for the higher values, could be expressed by a parabolic 
curve, an equation of the second degree. Using this equation of a 
parabola for therelation between B and H, there could befound a 
strictly mathematical curve, about like B, in Fig. 5, which 
combined with a sine wave representing the hysteresis loss, would 
fairly closelv represent the distorted wave of exciting current. 
In dealing with hysteresis we have to keep in mind the difference 
between magnetic hysteresis and the energy lost in the iron. 
If iron is exposed to an alternating magnetic field, the loss of 
energy that takes place in the iron, by some form of magnetic 


*Magnetic Reluctance, by A. E. Kennelly, Transactions A. I. E. E. 
Vol. 8, page 485. 
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friction, is usually expressed as '' molecular magnetic friction." 
This loss seems to be constant, independent of the frequency or 
wave-shape, depending only on the maximum values of the 
magnetic induction. .If the alternating electrical circuit is the 
only source of power, and no power is consumed outside of the 
iron, then the power consumed by molecular magnetic friction 
must be supplied by the alternating circuit, and is supplied in the 
form of a hysteresis cycle. In this case molecular magnetic 
friction and magnetic hvsteresis coincide, or rather the magnetic 
hysteresis measures the molecular magnetic friction. As soon, 
however, as there 1s another source of power present, or power 
can be consumed elsewhere, this coincidence disappears and 
there is no inherent relation between molecular magnetic friction 
and magnetic hysteresis. This was shown first by the expen- 
ments of Gerosa and Finzi 1891, recorded by Ewing in his work 


on magnetism. If an alternating current is sent through the 
magnetic circuit parallel to the line of magnetic force, at a 
frequency which is high compared with the frequency of the 
magnetic cycle, then the hysteresis loop more or less completely 
collapses; but the molecular magnetic friction still remains, only 
that now the longitudinal alternating current supplies all or 
nearly all the power. The reverse is the case where there are 
loose laminations in the transformer. It will be found that the 
hysteresis loop is extended in the electric circuit in the form of a 
hysteresis loop supplying more powerthanisconsumed in theiron 
bv molecular magnetic friction; the difference 15 consumed in 
the vibration of the laminations, resulting in noise. Where 
energy is supplied from an outside source, it may go so faras not 
only to make the hysteresis loop disappear, but to make it 
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negative. Some interesting conditions where the hysteresis 
loop could be flattened out or turned over were investigated by 
Mr. Eickemeyer and myself in 1891 or 1892. On a magnetic 
circuit of the shape of that of a shell-type transformer, shown in 
Fig. 6, in which the central core could be rotated. We found 
that such an arrangement when running at synchronism would 
give all kinds of hysteresis loops; for instance, that the more the 
apparatus as motor was loaded the fatter became the hysteresis 
loop. Whenever the friction is supplied by an outside source 
the hysteresis loop collapses, and reverses by driving the rotor 
by power. Some hysteresis loops of this apparatus are given 
in my second paper on the Lawof Hysteresis.* 

t- These overturned magnetic cycles differed considerably from 
the typical hysteresis cycle, Fig. 5. A typical hysteresis cycle, 
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however, can be made to contract, disappear, and reverse in the 
following manner: 
Wk Two equal exciting coils A and B, in Fig. 7, at right angles 
with each other in space, are energized by two equal sinusoidal 
quarter phasee.m.f's. sogivinga uniformly rotating magnetic field. 
In the center of this field is a movable iron disc, C. With this 
disc at standstill, the line of resultant magnetism in the disc 
Y, Y,', lagsbehindthelineof resultant rotating m.m.f. ХА! ofthe 
exciting coils, by the angleof hysteretic lead a, and the relation ot 
impressed e.m.f. and so of magnetic flux, and of exciting current 
in the coils A and B gives the typical hysteresis cycle, Curve I to 
Fig. S. 

With the disc C rotating below synchronism,theangle X OY =a 
remains the same, the hysteresis cycle, and thereby the power 
consumed in the exciting coils, is the same; but the molecular 


*TRANSACTIONS, A. I. E. E., 1892, vol. 9, p. 3. 
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magnetic friction in the disc, while the same per cytle, decreases 
with increasing speed, proportional to the decreasing frequency 
of slip. The difference in the power consumed bv hysteresis in 
the exciting coils, and the power consumed by molecular magnetic 
friction in the disc, is converted into mechanical work, and such 
an apparatus, which I called “hysteresis motor," so gives con- 
stant torque at all speeds, up to synchronism. If this torque is 
more than the friction torque, the disc accelerates up to syn- 
chronism. At synchronism, molecular magnetic friction dis- 
appears, and the line of resultant magnetic flux retains a con- 
stant position with regard to the iron, and all the power given 
by the exciting currents in the form of the hysteresis loop is 
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converted into mechanical power. If this is more than the power 
consumed by mechanical friction, the line of magnetization runs 
ahead by the acceleration of the disc. to Y, Y,', the angle of 
hysteretic advance X O Y decreases, and the hysteresis cycle of 
the exciting coils so contracts, to Curve II, Fig. 8, givingan area 
corresponding to the friction torque only. If now the friction 
torque 1s supplied by a mechanical driving force, and the disc 
C not called upon to do any mechanical work, it runs ahead until 
its line of magnetization Y Y! coincides with the line of result- 
ant m.m.f. X X}; that is, the hysteresis angle a disappears, and 
the curve of magnetism is svmmetrical with the curve of 
exciting current, or the hysteresis loop collapses to Curve III, ~ 
Fig. X. | 
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Still greater driving force impressed upon the disc C, sends the 
line of resultant magnetization ahead of X X!,to Y, Y,', the angle 
of hysteretic advance a becomes negative, and ‘the hysteresis 
loop opens up again, toCurve IV, Fig. 5, but is traversed now in 
opposite direction, or overturned, representing production of 
electric power. In this case, the curve of exciting current in 
A or B has the reverse shape; a hollow on the rising, a hump on 
the decreasing side. 

With increasing driving power, the overturned hysteresis 
loop IV fattens, until it reaches the same shape as I, buttraversed 
oppositely, and then synchronism is broken, and disc C speeds 
up. Above synchronism, the hysteresis cycle has the normal 
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shape I, but is overturned, the angle of hysteretic advance of 
phase has reversed its sign, and molecular magnetic friction 
again consumes power in the disc; but this power is now given 
by the mechanical driving power, and not by the electric circuit. 

Below synchronism, a constant amount of electric power is 
consumed; above synchronism, a constant amount of electric 
power is generated in the exciting coils, irrespective of the speed, 
while the power consumed by molecular magnetic friction in the 
disc varies proportional to the slip from synchronism, but is . 
the same above as below synchronism. 

The bearing of these wave-shape phenomena on practical 
engineering will now be considered. 
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If there be a sine wave of impressed electromotive force, 
E, Fig. 9, or rather of counter electromotive force, it produces a 
sine wave of magnetic flux B. "This sine wave of magnetic flux 
causes an exciting current to flow which is distorted by hysteresis, 
or rather, as we mav say, by the magnetic characteristic, and is 
givenby Curve I. If, however, the transformer is traversed by a 
sine wave of exciting current, / in Fig. 10, we get bv the hysteresis 
loop a wave of magnetism, which is not a sine wave, but which 
is hollow on the rising side, rises very rapidly and decreases very 
slowly, at first, and then very rapidly. That is, the wave of 
magnetism has a pronounced flat top, and the wave of е... 
induced thereby is very low for a considerable part of the period, 
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then rises very sharply to a high triangular peak, and falls oft 
just as rapidly, as shown by E in Fig. 10. This peak rises to 
nearly twice the maximum value of the fundamental sine wave, 
E, Fig. 10. That is, with a sine wave of current traversing ап 
ironclad magnetic circuit, the e.m.f. waveis greatly distorted, and 
the magnetic circuit generates higher harmonics of e.m.f. mainly 
of triple frequencv.* 


*For instance with the hvsteresis cycle Fig. 5, and a current /—10 
sin ($ -- 30) the e.m.f. is approximated by the equation: E =11.67 cos 
(ф + 2.59) + 6.64 cos (3 — 3.4) + 3.24 cos (59 — 11.99) + 1.8 cos 
(1 — 10.79) + 1.16 cos (Оф — 4.5?) + 0.80 cos (119 — 22°) + 0.53 cos 
(13 — 26°) + 0.19 cos (150 — 15°) + . 
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Very interesting phenomena result from this wave-shape dis- 
tortion by the magnetic cycle, if transformers are grouped in such 
a manner that certain harmonics can not develop. 

In a three-phase system with three transformers connected in 
delta or ring connection, and a sine wave of impressed e.m.f., the 
exciting current in the transformers has the usual shape, / in Fig. 9, 
containing a pronounced third harmonic, which is shown separ- 
ately as J,in Fig. 9, together with all its higher harmonics or 
"overtunes." The current in the three-phase lines can not con- 
tain any third harmonic: the current in line 1 is the resultant 
of the currents flowing from line 1 to 2, and from 1 to 3, and since 
these two currents are 60 degrees apart in phase, their third har- 
monics ате 180 degrees apart, or in opposition, hence cancel. That 
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is, the triple-harmonic component of the exciting current circulates 
in a local circuit through the transformer triangle, without reach- 
ing the three-phase lines. All the other harmonics of exciting 
current appear in the line current. 

If the primary coils of the transformers are connected in Y or 
star connection, the secondaries in delta, the primary exciting 
current does not contain апу third harmonic, but the triple 
harmonic of excitation circulates in the secondary transformer 
tnangle in local circuit. 

Perhaps still more interesting is the case of three transformers, 
connected with their primaries and secondaries in Y or star 
connection ina three-phase system with sinusoidal e.m.f. im- 
pressed upon the lines. 


790 ALTERNATING-CURRENT WAVE-FORM.  [Sept. 28 


In a three-phase system, the three e.m.f’s. from the lines to the 
neutral are 120 degrees apart and soare the three currents. Witha 
sine wave of impressed e.m.f. if the e.m.f’s. between lines 
and neutral were sine waves also, the three exciting currents 
would contain strong third harmonics. Since these currents 
are 120 degrees apart, their third harmonics would be 
3x120=360 degrees apart, or in phase; that is, all three 
flow simultaneously toward the neutral. If now the neu- 
tral is isolated these triple-frequency components of excitingcur- 
rent have по circuit; that is, cannot flow, and thee.m.f's. between 
lines and neutral therefore can not be sine waves, but must be 
distorted by the suppression of the triple-frequency component | 
of exciting currents. This distortion of e.m.f. wave can be due 
only to a third harmonic and its overtunes, which cancel bv 
combining two such e.m.f's. between line and neutral, under 
60 degrees to the impressed e.m.f. while all the other har- 
monics would not cancel, but appear in the impressed e.m f. 
which was assumed as a sine wave. 

It follows herefrom, that with a sine wave of three- phase 
e.m.f. impressed upon a svstem of Y-connected transformers 
with isolated neutral, the e.m.f’s. between lines and neu- 
tral, or potential differences at the transformer terminals, 
cannot be sine waves, but contain a pronounced third harmonic 
and its overtunes, but no other harmonics; while the exciting 
currents contain no third harmonic or multiple thereof, but 
all other harmonics. 

For the hysteresis cycle, Fig. 5, and a sine wave of impressed 
e.m.f. Fig. 11, shows the wave oi exciting current 7, the trans- 
former e.m.f. or voltage between line and neutral, E, its funda- 
mental sine wave, /,, and the sum of all its harmonics, E INS 
seen, the e.m.f., Е, is peaked, while the wave of magnetism (not 
shown) has а flat top. The triple-harmonic e.m.f., Eş, is nearly 
half the fundamental, E, in this case. From this peaked wave 
E may result an increased insulation strain. The e.m f. on the 
transformer is higher than the line e.m.f. divided bv 4/3. 


In cases where the neutral 1s not grounded, these harmonics of 
electromotive force appear as potential difference between neu- 
tral and ground. The neutral of Y-connected three-phase 
transformers therefore is not at ground potential, but may have 
a considerable potential difference against ground, of triple 
frequency: the third harmonic, E, Fig. 11, which is generated by 
the magnetic cvcle of the transformer. 

With a grounded neutral; that is, zero potential difference 
between neutral and ground, but no other ground on the system, 
the triple harmonic of exciting current still cannot flow, and the 
potential difference in the three transformers still contains a 
third harmonic. Since all these triple harmonics are in phase 
with one another, it means that all three lines rise and fall 
simultaneously, or in synchronism with one another against 
ground, or a triple-frequency voltage appears between the 
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three lines of the three-phase system and the ground, which may 
have a fairly considerable magnitude as seen in Fig. 11. Suppose 
now these transformers with grounded neutral feed into a long 
distance transmission system. We have a circuit from the 
grounded neutral, over the inductance of the three transformers 
in multiple, and back to ground over the capacity of the three 
transmission lines against ground, with a triple-frequency im- 
pressed e.m.f., the third harmonic generated in the transformers, 


Fic; Hi, 


thereisa high frequency e.m.f.,in series with inductance and ca- 
pacity. Such a combination may, under unfavorable conditions, be 
serious in originating surges in the system, against ground, of 
more or less destructive voltage. But even if no serious high po- 
tential phenomena occur the rise and fall of the whole system at 
triple frequency may give electrostatic induction on neighboring 
circuits, as telephone lines, etc. Suppose we ground the neutral 
of the step-down transformers also, and connect their secondaries 
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in delta. Then the triple-frequency electromotive force disap- 
pears and the triple-frequency current flows over the ground and 
circulates in the secondarv delta of the step-down transformers. 
We have then in the svstem a triple-frequency current which 
flows over all three lines in parallel and back over the ground; 
and while tnple-frequency electrostatic induction disappears 
there remains electrodynamic induction. 

Similar phenomena also occur with alternating-current 
generators. In a three-phase generator with the three coils 
Y-connected, if there is a triple-frequency electromotive 
force in each phase, a potential difference of triple fre- 
quency exists between neutral and ground, or, with grounded 
neutral, between the three lines and ground. These electro- 
motive forces are in series,short circuited upon themselves, 
in the three-phase delta-connected generator. There is, however, 
a very essential difference between this case and the corres- 
ponding case of the transformer. In the case of transformers, 
we can only get the triple-frequency component of the exciting 
current; that is, the current which can flow between neutral and 
ground, or circulate locally in the delta, is limited. With a 
generator, it is a short-circuit current of the induced electro- 
motive force of triple frequency. Such current circulating in 
the windings of delta-connected generators were observed years 
ago. In many cases they may have been the cause of abnor- 
mallv great hysteresis losses, and escaped attention. In the 
Y-connected generator, you may have triple-frequency electro- 
motive forces in the phases which do not appear in the terminal 
voltage, and give a triple-harmonic e.m.f. from the neutral against 
ground, and if we get a path for this triple harmonic, we may get 
currents which in this case are not merely two or three per cent. 
of the full load current—the triple-frequency component of the 
transformer exciting current—but may be full-load current or 
more. If the phase relation of the triple-frequency harmonic 
with the fundamental 15 the same in all generators of the system 
there would be no current in the neutral. If we run two machines 
at different excitation, one higher and the other lower, then a 
current flows between the two machines which is a wattless 
current, magnetizing the under-excited and demagnetizing the 
over-excited machine. The terminal voltages are not quite in 
phase with the induced voltage, but in phase with each other, 
since the machines are connected together. The triple fre- 
quency voltages so give a resultant, and this a current over the 
neutral, which may reachvery high values. Ifwehave two gene- 
rators, one having a triple-frequency e.m.f., ме get the same 
phenomenon of a triple-frequency current; but this cur- 
rent is not limited and may occasionally reach values compara- 
tively high, and that is why it is not safe freely to ground the 
generator neutrals. If the generators are to be grounded, they 
should be grounded through a resistance limiting the neutral 
current, or thev must have practically the same wave shape and 
the excitation must be kept practically alike in each generator. 
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Philip Torchio: I wish to ask Mr. Steinmetz about the third 
harmonic short circuit between three-phase generators Y-con- 
nected with the grounded neutral. One of the largest com- 
panies in New York tried at the start to operate all the gen- 
erators engine-driven with the neutral grounded, and they 
found a large short-circuit current between the neutral of 
different generators, evidently due, asexplained by Mr. Steinmetz, 
to the third harmonic. In two other plants operating ex- 
clusively with turbine-generator sets, no short-circuit current 
of the neutral has been manifested by the ammeter, all the 
neutrals of the Y-connected generators being dead grounded. 
Will Mr. Steinmetz explain why the engine-driven generators 
give the third harmonic short-circuit current, while the turbine- 
driven generators do not give such current? 

Chas. P. Steinmetz: I think I can explain that. The turbine 
generators were all alike, running with identical wave shapes 
at equal excitation. I do not know what station 1s referred to, 
but if I guess correctly, in the same station some larger turbine- 
generator sets were afterward installed, and between the old 
machines and the new. ones, very considerable currents were 
found over the neutral. The question is, whether the triple 
harmonics are identical and have the same phase, or whether 
they are not identical and have not the same phase. 

W. S. Franklin: It is not very often that any of us gets a 
chance to find fault with what Mr. Steinmetz says, but there 
is one thing which he mentioned to-night which I wish to criti- 
cize, and that is the idea of a hysteresis loop connected with a 
rotating disc when the flux remains at one constant value; 
unless, indeed, Mr. Steinmetz means to compare the magnetizing 
current in the horizontal coil with the vertical component of 
the magnetism. 

Two or three points now which are chiefly of interest in 
matters educational. In the first place I want to call attention 
to the use of the word '' sinusoidal.” In the study of mechanics 
the word '' harmonic " has come into almost universal use for 
designating that type of motion which is exemplified in the 
swinging of a pendulum. That is sinusoidal motion. We should 
adopt the term harmonic, and speak not of sinusoidal, but of 
harmonic currents and harmonic electromotive forces. 

Another point concerns the assumption which is made іп all 
alternating-current treatises as to the harmonic character of 
electromotive forces and currents generated by alternators. It 
seems to me that itis a false idea which many people have 
gotten into, that this assumption places a limitation on the 
theory of alternating currents, for this reason: given an alter- 
nator which develops an electromotive force of any complicated 
wave-shape whatever, and let it be required to determine the 
current produced by the electromotive force. This problem 
resolves itself into a series of problems, each one of which is an 
ordinary simple harmonic alternating-current problem. The 
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first thing to be done is to resolve the electromotive force into 
harmonics, and then treat each harmonic electromotive force 
by itself, and discuss the currents produced. If you limit 
yourself to the fundamental, you have only solved one problem 
of the series, ignoring all the others. 

In regard to the matter of the magnetizing current, I will 
call attention to one point, and that is, that we have had two 
meanings attached to the term angle of hysteretic advance; 
one by Dr. Bedell and one by Dr. Steinmetz. I do not think, 
however, that it is important that this term should be standard, 
because we do not use it very much. 

In regard to the representation of harmonic electromotive 
forces and currents in vector diagrams, I wish to call attention 
to two distinct ideas that are involved. First, there is the idea 
of representing what actually takes place in a circuit; in this 
case the rotating vectors represent the successive instantaneous 
values of current and voltage; that is, they represent the actual 
physical facts. Secondly, there is the idea of getting geomet- 
rical representations of formulas. This second idea seems to 
be in Dr. Bedell’s mind. Thus a given current of fundamental 
frequency and given current of triple frequency when super- 
posed give an effective current which is equal to the square 
root of the sum of the squares of the two; therefore Dr. 
Bedell chooses to represent the triple-frequency current by 
a line at night angles to the plane of the fundamental diagram. 
That is all very well, but we must keep in mind that we are 
using the diagram merely as the picture of a formula and not 
as a representation of physical actions. For my part I prefer 
to limit the vector diagram to the representation of physical 
action and I alwavs use the idea of a rotating vector for rep- 
resenting in the students' mind the successive instantaneous 
values of current and voltage. 

Frederick Bedell: With reference to the valuable discussion 
of Dr. Steinmetz, I can only express my appreciation. To the 
subject of hvsteresis under abnormal conditions, let me add 
the following: if a hysteresis loop is displaced or boosted by a 
superimposed direct current it becomes distorted and its area 
changed. In superposing a direct current upon a transformer 
circuit, I found that as the direct current was increased the 
iron losses at first diminished and then rapidly increased; that 
is, the efhciency of the transformer was increased by a direct 
current of a certain value. 

Professor Franklin s remarks well accorded with our own 
views. It has been brought out in the paper that at least two 
definitions may be given to the angle of hysteretic advance, 
these corresponding to the angles а and ф as used by the authors; 
Professor Franklin emphasizes this. The relation between a 
and ф is given on page 617 and in Fig. 16, and our purpose has 
been to distinguish clearly between them. Professor Franklin 
will find that his definition is our a, the value as found by 
measurement with ammeter, voltmeter, and wattmeter. 
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Professor Franklin also expresses our views in regard to the 
significance of, the geometrical construction. It is merely a 
picture which helps us to understand some relations. "These 
relations we get more clearly in the diagram, but the diagram 
is not in any wise a physical representation of the facts. 

W. S. Franklin (by letter): Two additional points were 
touched upon in my discussion, namely, (a) in connection with 
Dr. Steinmetz's reference to Froelich's equation to the B and H 
curve I stated it as my opinion that there are certain physical 
relations which are essentially irrational and erratic, that such 
relations can never be formulated in the sense in which Kepler 
formulated the relations involved in planetary motion, and that 
we ought to give up an idea which seems to be quite prevalent— 
the idea that way back somewhere in the region of ideality, 
wherever that may be, there is a formula that will reduce any 
physical relation to a rational basis. I discuss this point rather 
fully on page 285 of Vol. XX of the Institute TRANSACTIONS. 
(b) In connection with Dr. Steinmetz’s reference to the influence 
of vibration on the B and H curve,I called attention to a paper 
of mine* in which vibrations were used in the determination 
of what I call a normal curve of B and H. 

C. P. Steinmetz (by letter): (1) Regarding the angle of hyster- 
etic advance a, I always define this as the phase-angle between 
the equivalent sine wave of exciting current and the equivalent 
sine wave of electromotive force induced thereby; that is, the 
angle given by ammeter, voltmeter, and wattmeter reading, 
after correcting for the PR (which is best done by using an 
exploring coil for the potential circuit of wattmeter and volt- 
meter). In the hysteresis motor referred to in the discussion, 
it can be shown that the space-angle between the resultant 
magnetic flux and the magnetomotive force equals the angle of 
hysteretic advance of phase of the exciting coils, and this space- 
angle was therefore referred to as the hysteresis angle. 

(2) In general. I fully agree with Professor Franklin regarding 
empirical equations. I do not consider the parabolic law of 
magnetic induction: 

| Н 

PS a+bH 

as an empirical law, however, but rather as a rational equation 
approximating the B-H curve, and the deviations of the 
induction curve from this equation as due to secondary phe- 
nomena not included in the equation: molecular magnetic fric- 
tion, which causes a deviation, especially at lower densities; 
lack of homogeneity, especially noticeable at intermediate in- 
ductions (most pronounced in cast iron), etc. 

If I remember correctly, Frohlich proposed this equation, not 
from experimental data—which at his time were hardlv suffi- 


*Physical Review, Vol. VIII, pages 304-309. 
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cient—but by the following reasoning: magnetic induction in 
iron, etc., reaches an absolute limiting, or saturation value. 
This has been proved by Ewing for the ‘ metallic magnetic 
induction" B-H. When approaching magnetic saturation, 
the magnetic permeability must therefore decrease, and it is 
reasonable to assume that the permeability is proportional to 
the remaining magnetizability of the iron, or to the difference 
of the induction B from its saturation value S. This gives 
Fróhlich's equation: 


u = а (5 – В) 

В | 

or, since р = 77: 
B 
н = aS - В) 
Н H 
к Н А+ВН 

aS + 5 


it gives Kennelly’s equation: 


1 A 
@ Tass = С+ П Н. 


These equations obviously do not apply to the total induction 
B, but to В, = B — H: the difference, however, becomes notice- 
able only at very high magnetomotive forces 

L. T. Robinson: We have recently been working with cur- 
rent transformers, using a somewhat different method from that 
given by the author of the paper; that is, instead of determining 
the exciting current and the internal losses in the transformers 
by means of a ballistic galvanometer, we have, by means of sen- 
sitive alternating-current dynamometers, determined these 
values directly, and have been able to get a fair agreement be- 
tween these values and those obtained with the ballistic 
galvanometer. In this connection the effect of wave distortion 
is quite prominent. In making these measurements, if a re- 
sistance is included in series with the primary of the transformer 
under test, the impressed electromotive force on the transformer 
itself 1s distorted, and the current wave is distorted. Under 
these conditions it 1s rather dithcult to determine, not just what 


1906. ] DISCUSSION AT NEW YORK. 797 


the exciting current is but what it would be under the conditions 
of use. 

Fig. 1 shows measurements which have been made by both 
methods; these indicate that even with the small resistance 
losses in these delicate instruments, in comparison with the very 
small losses in transformers of this kind, the distortion is appre- 
ciable although not sufficient to destroy the value of the measure- 
ments. The principal effect at high densities is much above 
the full rated capacity of the transformer, which point is in- 
dicated in the figure. In the experiments, the resistance and 
inductance of the circuit containing the instruments was kept 
constant throughout the limits of the test. The measurements at 
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higher densities can be made with much less impedance in 
circuit, and hence with very much less distortion. 

Under the test conditions, several records have been taken of 
the distorted waves Figs. 2, 3, 4, and 5, which may be of interest 
both in connection with the paper on transformers, and in con- 
nection with the discussion on wave distortion which has already 
taken place. 

Fig. 2 gives potential wave across primary of transformers and 
exciting-current waves corresponding to point O, on Fig. 1. 

Fig. 3 C. D., gives same at point O,. 

Figs. 4, 5, 6, and 7 at points higher up on curve. 

The time has not been available to gather from these oscillo- 
grams more than qualitive information tending to show that,the 
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effect of wave distortion is of little account at lower values of 
magnetization, through the range where the transformers are 
normally used. 

Two points, O, and O,, have been corrected for distortion of 
wave shape, giving O, and O,.* 

In connection with this subject the phase-angle between the 
primary and secondary currents is in some cases of as great 
importance as the ratio of the transformer, especially when 


Fic. 2.—Upper curve exciting current 0.25 amp. 4/mean,. О, on Fig. 1. 
Lower curve potential across primary. 
In series with trans. primary R= 10 0 and L = 0.01908. 


Fic. 3.—Upper curve exciting current 0.5 ampere. O, on Fig. 1. 
Lower curve potential across primary. 
In series with trans. primary R — 10.0 and L — 0.01908. 


wattmeters are to be used and the power-factor of the circuit to 
be tested is low. Exciting current has also been obtained by 


; 1.11 
*Observed alternating current volts X ——————— = corrected volts. 
form-factor 


Observed alternating-current amperes X amplitude-factor = corrected 


amperes. 
Referencc.—E. Gumlich and P. Rose, Electrotechnische Zeitschrift, Jan- 


uarv 1, 1905, p. 503. 


— ee, ee. р SS _ Tr MA, ee ee. Ce, 


1906.] DISCUSSION AT NEW YORK. 799 


determining with considerable accuracy the phase-angle and the 
ratio of currents, and then deducing from this ratio of currents 
and the phase-angle between the primary and secondary, the 
exciting current. This can be made to correspond under rea- 
sonable limits with the exciting current determined directly 
by dynamometer instruments. 


Fic. 4.—Upper curve exciting current 0.5 ampere. Lower curve 
potential across primary. Same as Fig. 2. 
In series with trans. primary R — 10 and L — 0.00164. 


In connection with this measurement of the phase-angle, it 
may be of interest to explain what we have been doing. The 
method is very simple and satisfactory and was developed by 
my assistant, Mr. O. Holz. Fig. 8 a, shows the transformer 
primary in which is included the resistance R. The trans- 
former secondary working on the load as shown, has included in 


Fic. 5.—Upper curve exciting current 1 ampere. Lower curve 
potential across primary. 
In series with trans. primary R — 10 and L — 0.00164. 


its circuit the resistance R. Connected with the supply circuit 
is a phase-shifting device to which in turn 1s connected the fixed 
coil of one of the sensitive dynamometers to which reference has 
been made. The moving coils of the dynamometer are now 
connected to R by means of a double-throw switch, and using 
the phase-shifter, adjust to a 90-degree relation (O deflection) 
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between the current in the fixed coil and the current in the 
moving coil. The instrument is now sensitive to a change in 
angle of either one of the currents. The moving coil of the 
dynamometer is quickly transferred by means of the switch 
to resistance r, and a deflection is obtained. By taking into ac- 


Fic. 6.—Upper curve exciting current 2 amperes. Lower curve 
potential across primary. 
In series with trans. primary R= 10 and L = 0.00164. 


count resistances К and r, the current value in the primary and 
the secondary sides of the transformer, and the current in the 
fixed coils, the angle between the current flowing through R and 
r is readily deduced. The following formula may be used:— 


Fic. 7 —Upper curve exciting current 3 amperes. Lower curve 
potential across primary. 
In series with trans. primary R= 10 and L= 0.001224. 


wattmeter reading expressed in watts 
хт, 
I; = current in fixed coil. 


r1,, = volts drops in resistance r. 
This test 1s somewhat more readily accomplished using 


Sin е = 


EE ЕЕН р) 
шшш. эһ  Й щч ж ск ie | 


1906.] DISCUSSION AT NEW YORK. 801 


two reflecting wattmeters, as shown in Fig. 8 B; in fact it is 
usually made in this way. 

It is at times useful, in going along with work in which trans- 
formers are used, to know the practical limit of the angle be- 
tween the primary and secondary currents. Using the diagram 
in about the same way as the author has drawn it, we have 1-2, 
Fig. 9, secondary current, and if there is no reactance in the sec- 
ondary it would lie in the direction E 2, but the cases in which 
there is no secondary reactance are unusual. The appearance of 
it will be more like the figure. The exciting current, even under 
the most unfavorable conditions where the energy component 
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of the core loss is small, would be about as shown. In practical 
cases it is quite safe to consider that the angle C would not be 
less than 135 degrees, in which case the effect of the exciting 
current in varying the ratio of transformation would be almost 
the same as in varying the phase-angle. As a limiting value 
it is pretty safe to say that a transformer which would have one 
per cent. error at any point in ratio, would also have an angle 
between the primary and secondary current not greater but 
probably less than one whose sine or tangent is 0. 01. 

Suppose in an actual case the ratio of transformation in a 
certain transformer carrying a given load would be 1.02 (the 
ratio of ampere-turns must be used here as transformers usually 
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have a few secondary turns omitted). The practical limits 
of the angle would be sin~' 0.02 = about one degree. Such ап 
angle would cause an error due to phase-displacement of prac- 
tically nothing at power-factor 1 and about 3% at power-fac- 
tor 0.5. 

The iron in these transformers is employed at a very low 
density. What iron will do at these low densities is not gener- 
ally understood. The requirements are not necessarily met by 
iron having the best characteristics for ordinary transformers. 
Aside from anything which can be done in the way of designing 
these transformers, the problem comes down to a question of 
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whether we can procure material having thenecessary good quali- 
ties at the density used for thecore. Thevalueofthe whole device 
depends on this core and it has been along this line we have been 
recently working to perfect the core as much as possible. As 
showing what can be accomplished in a transformer built of 
material procurable in sufficient quantities to make trans- 
formers commercially, your attention is directed to one of 
several transformers which were recently made to meet some 
special conditions (Fig. 10) in which, between one-tenth load 
and full load, the maximum difference in ratio is hardly more 
than one-half of one percent., and between limits somewhat 
greater than this, the deviation has been limited to one per cent. 
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It is also apparent from the diagram of the author that it is 
possible, by properly arranging the power-factor of the sec- 
ondary load, to bring the phase between the primary and 
secondary currents into actual coincidence. In many cases 
where very accurate work must be done with these transformers, 
that is, where the conditions of the test are such that a wattmeter 
cannot be directly applied, it is useful to understand this rela- 
tion, and to control the power-factor of the secondary load so 
that the primary and secondarv currents come in line. 


Ф 


Fic. 9. 


When the power-factor of the secondary circuit, including 
that portion of it which is within the transformer, 1s equal to the 
power-factor of the core, the two currents, I, and J,, are inline 
and the primary current 7, is also in phase with the secondary 
current reversed. 

When the power-factor of the secondary is higher than that 
of the core, (the usual condition) the secondary current leads 
the primary ; and conversely when the power-factor of the second- 
ary is lower than that of the core, the secondary current lags 
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behind the pnmary. Such a condition is present at times when 
the secondary load on transformers is largely made up of a relay. 
It is on this account that the disturbing effect of comparatively 
large inductive loads on current transformers is minimized, the 
primary and secondary currents then being very nearly in phase, 
and, although the ratio error is then a maximum, the total 
error of a connected wattmeter is sometimes not greater than it 
would be if the relay were not included. By means of a knowl- 
edge of the various quantities involved, the combined circuits 
can be arranged to give the best results. In using current trans- 
formers for laboratory testing, it is possible to obtain very ac- 
curate results by computing current ratios from the exciting- 
current curve, and by means of connections, as in Fig. 8a or 8B, 
to adjust before each reading for 0 phase-angle between primary 


and secondarv the ratios then become watts directly, and the 
3 


correction for phase-angle disappears. Again, if potential trans- 
formers are also used the proper phase-angle between primary 
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Fic. 10.—E-15 Current Transformer, No. 418561, E. 106262, 
Ratio 400 : 1, % Accuracy on 25 Cycles. Secondary Load: Portable 
indicating wattmeter an equivalent of 190 ft. leads of No. 10 B. & S. 
copper. Volt-amperes, 14.0. Power-factor, 0.85. 


and secondary currents in the current transformers can be pro- 
duced to compensate for the small phase-angle 1n the potential 
transformer, thus allowing the true power to be directly deter- 
mined from the instrument readings without correction for 
phase-displacement in either transformer. 

Harold Pender (by letter): The effect of iron in distorting the 
wave-form of current and pressure is of particular importance 
in determining the energv-loss in small samples of iron by the 
wattmeter method. In this method of measurement the maxi- 
mum flux densitv is usually calculated from the effective pres- 
sure measured bv a voltmeter across the terminals of the mag- 
netizing winding on the sample; or the induced pressure in a 
secondary winding on the sample may be measured, this method 
eliminating the resistance-drop in the magnetizing winding. 

In general the maximum flux densitv 1s proportional to the 
average value of the induced electromotive force over half a 
cycle; only in case of a sine wave of induced electromotive force 
is the flux density proportional to the effective value. Could a 
sine wave of electromotive force be impressed directly on a 
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magnetizing winding without resistance, the counter electromo- 
tive force of induction would also have a sine form, and would 
therefore be proportional to the effective pressure determined by 
the voltmeter. This, however, is practically impossible, as there 
is always more or less impedance in the primary circuit external 
to the magnetizing coil; namely, that of the instruments in the 
circuit, as well as that of the transformer for stepping down 
the generator pressure to a sufficiently low value to apply to 
the sample under test. In fact, even when the utmost precau- 
tions are taken to keep the impedance of the circuit exterior 
to the magnetizing coil as small as possible, this external im- 
pedance may be the controlling factor in the circuit, particularly 
for high values of the flux-densitv, and corresponding low values 
of the permeability. As this external impedance is practically 


Fic; i 


constant under such conditions, the current in the magnetizing 
coil may have very nearly a sine form, and consequently produce 
a much distorted wave of induced electromotive force in the 
sample. 

The accompanying oscilograph records give the pressure- 
waves under various conditions induced in a secondary winding 
on a sample of iron weighing about 6 lb. The sample was built 
up of punchings in the form of a hollow square 5 in. outside, 3 in. 
inside, each sheet 0.14-in. thick. The magnetizing coil had 20 
turns. The total resistance of the circuit between generator 
and sample was about 0.75 ohm, of which 0.3 ohm was in the 
instruments in the circuit and 0.45 in the step-down transfomer 
(one-half a kilowatt, 20 to 1 ratio). The magnetizing coil it- 
self had practically no resistance. The source of pressure was 
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a small 110-volt motor-generator, giving a sine-wave electro- 
motive force. | 
Curve 1 is for 25 cycles and a maximum flux-density of 6,850 
lines of induction per square centimeter. 
Curve 2 is for 25 cycles and a maximum flux-density of 11,300 
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Curve 3 is for 25cvcles and a maximum flux-density of 12,800. 

A sine-wave of pressure at the terminals of the magnetizing 
coil would have given flux-densities of 7,000, 12,000 and 15,- 
OOO lines respectively. i 
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The following table gives for another sample the flux-densities 
calculated on the basis of a sine wave electromotive force and 
the true flux-densities determined from the average values of 
the electromotive force wave: 


B True B Ratio of True B to Calcu- 
Calculated on basis | lated B. 
of sine wave. 60 Cycles] 25 Cycles. 60 Cycles. | 25 Cycles. 

4,000 4,000 4,000 1.00 1.00 

7,000 6,800 6,500 0.97 0.93 
10,000 9,400 9,100 0.94 0.91 
12,000 11,000 10,600 0.92 0.88 
15,000 12,200 0.81 
17,500 13,200 0.76 
20,000 14,100 0.71 


І. T. Robinson (by letter): On page 709, of Mr. Curtis's 
paper, the 8th line from the bottom, there should be inserted 
after "angle 0" the words "if lagging” as the secondary current 
is usually leading. 

On page 710 the tabulation of the vertical and horizontal 
components and formula for I, are given referred to I, as the 
horizontal axis. It appears to be more simple to refer to Е, аѕ . 
the horizontal axis in which case the formula becomes, 


1, = V/ (1, cos 0,+1, cos a)? + (1, sin 0, +1, sin а)? 


where cos 0, and sin 0, are the energy and wattless components in 
the secondary and cos a and sin a are the same for the exciting 
current. 

The formula written in this way lends itself more readily to 
computation. i 

A. Henry Pikler (by letter): Professor Bedell’s paper gives 
the impression that the hysteresis loopis the only cause of the dis- 
tortion of alternating-current wave-forms. This is not so. The 
distortion is primarily due to the change in permeability during 
one cycle of magnetism; the hysteresis is only accidental. 

Mr. Steinmetz indicates how the induced electromotive force 
wave form will become distorted in a transformer by magnetizing 
it with a sine wave current. To sustain this contention, I refer 
to my oscillograms taken in June, 1903,* There it is shown 
that a constant transformer terminal voltage can be maintained 
by various forms of magnetizing-current waves which, as they 
become more and more sinusoidal will make the transformer 
electromotive force wave take the shape of the previously dis- 
torted-current wave. 


* Electrical World and Engineer, 1903, Vol. XLII, No. 6, p, 218. 
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DISCUSSION ON “ STANDARDIZING RUBBER-COVERED WIRES AND 
INSULATORS.” 


Dugald C. Jackson (by letter): Referring to the results of the 
tests made by Mr. Stott, tests which indicate that the insulation 
resistance of rubber-covered wires varies with the test voltage, 
Iinotice that this fact is denied by certain of the other partici- 
pants in the discussion. 

Several years ago I made observations similar to those which 
Mr. Stott sets forth; namely, that certain rubber-covered wires 
show a decrease in insulation resistance as the testing voltage 
is increased. I also found that some rubber-covered wires did 
not produce this phenomenon. At the time, it was impossible 
for me fully to investigate the conditions which caused the 
difference between the wires showing the effect and those not 
showing it, but it appeared that the wires of highest quality 
showed, as a rule, less change in insulation resistance with 
change of test-voltage, while wires of very poor quality showed 
the most change and, in some instances, a very large change. 
Even in the instances where the change was considerable, the 
same results could be obtained day after day; that 1s, my tests 
were completely reproducible. It appeared to me at the time 
that this might afford one wav of arriving at the purity and 
value of the rubber insulating compound on different wires, 
and I discussed it with several gentlemen, as I then hoped to 
find leisure to continue the investigation further. I shall add 
that all of the manufacturers of rubber-covered wires with 
whom I then discussed the matter denied that such a phenom- 
enon exists. My tests convinced me of its existence, however, 
as apparently Mr. Stott's tests have likewise convinced him. 
Unfortunatelv, leisure did not afford an opportunity for carrying 
on the work. It seems to me that this is a matter worthy of 
further investigation. 


— ЧИ һаа 
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NEW TYPES OF INCANDESCENT LAMPS. 


BY CLAYTON H. SHARP. 


For a number of years the standard of electric lighting has been 
set bv the carbon-filament lamp consuming initially 3.1-watts 
per candle-power. Progress there has been; but it has been 
chiefly in the way of minor improvements in the process of manu- 
facture, rating of lamps,and in the wav of a more general adop- 
tior by electric lighting companies of the 3.1 watts-per-candle 
lamp. This watt-per-candle consumption has been recognized as 
the minimum practicable under good operating conditions. Апу 
radical or considerable improvement їп the lamp itself has seemed 
improbable of attainment. The degree of improvement which 
has been made in the carbon filament lamp has been indicated 
by data given bv Mr. J. T. Marshall in a paper before the Frank- 
lin Institute*. The continuous increase in the effective life of 
incandescent lamps burned at 3.1-watts per candle between the 
vears 1888 and 1904, as given in Marshall’s paper, are shown 
in the curve, Fig. 1. The effective life at the present time is 
seen to be substantially two and one half times as great as the 
life in 1888. Тһе advent of the osmium lamp cannot be said to 
have altered the state of affairs materially. In spite of its very 
high efficiency and long life, this lamp seems precluded from 
exercising any revolutionary influence on lighting practice, on 
account of its low voltage and most of all by the limitations of 
of the visible supply of the material of which the filament is 
composed. 

Within the last two years the situation has altered materially. 
A marked improvement in the process of manufacture of carbon- 


*Journal of the Franklin Institute, 1905, vol. CL X, p. 21. 
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filament lamps which has been announced and described bv Mr. 
John W. Howell before this Institutc* has resulted in the coni- 
mercial production of lamps which operate on a 2.5-watts-per- 
candle basis instead of a 3.1-watts-per-candle basis. 

A German firm, going back to the class of materials employed 
in the earliest attempt at the manufacture of incandescent electric 
lamps, has produced a lamp with a wire of tantalum as the glowing 
body and with an efficiency greatly in advance of that of the 
established carbon filament. More recently still, various experi- 
menters have succeeded in producing lamps with a filament of 
metallic tungsten which carry the standard of efficiency toa point 
far beyond that obtainable with either carbon or tantalum. 
Since the graphitized or *‘ metallized " carbon filament has 
in this country become a regular commercial product, the pro- 
perties of which are moderatelv well known, it 1s deemed best in 
this paper to take up more in detail the peculiarities or the pro- 
perties of the tantalum and the tungsten lamps. 


PROCESSES OF MANUFACTURE. 


It is not necessary in this place to go into a discussion of the 
processes of manufacture of the filaments of the metallized carbon 
and of the tantalum lamp, nor of the appearance of the lamps 
themselves, since these have become quite well known. In the 
case of the tungsten lamp, certain peculiarities of the construction 
are made necessary by the properties of the tungsten filament 
itself. The metal tungsten (German '' wolfram ") while ordi- 
narily reckoned as one of the rare elements, vet 1s from the point 
of view of lamp manufacture quite plentiful enough for all 
practical purposes. While its price per pound is high, yet con- 
sidering the weight of the metal entering into an incandescent 
lamp, it is not especially expensive. One of its most important 
uses at the present time is the production of tungsten steel. The 
metal is infusible by any ordinary process. The melting point 
of tungsten filaments has recently been given bv Waidner 
and Burgesst at 32009 cent. The metal is commercially ob- 
tainable in the form of a fine powder. Tungsten does not 
seem to be ductile, so it is impossible to draw it directly into а 
fine wire, as is done successfully in the manufacture of the 
tantalum filament. Tungsten unites readily with oxygen and 
with carbon at high temperatures. These pecuharities have 

* Asheville Convention paper, 1905. 

tElectrical World, 1906, vol. XLVIII, p. 915. 
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made the problem of the production of tungsten filaments a 
rather difficult one. It has been attacked from several sides, 
and different processes for the manufacture of tungsten filaments 
have resulted therefrom. 

The earliest process to be brought to public attention was that 
of Dr. Kuzel. Kuzel's process consists in the production of a 
colloidal solution of tungsten by forming an arc between terminals 
of the metal under the surface of water. The colloidal solution, 
when it has been brought to the proper consistency is squirted 
through a die into filaments, which after being dried are con- 
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verted from the colloidal condition into the crystalline condition 
by the passage of an electric current through them. In this 
way the filament is produced without introducing any carbon, 
which would unite with the tungsten to form tungsten carbide, 
a compound which is readily formed and which is very detri- 
mental to the quality of tungsten filaments. 

к Another process is the substitution process of Dr. Just and 
Hanaman. This process seems to be verv similar to one patented 
by Lodyguine some ten years ago. In this process a very fine 
carbon filament is heated in an atmosphere of a chloride of tung- 
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sten and hydrogen. Under proper conditions of the experiment, 
tungsten 1s deposited upon the carbon filament, the hydrogen 
acting as a reducing agent. By heating the filaments by means 
of a current the whole filament is converted into tungsten car- 
bide. The carbon made is then removed from the filament by 
heating the same in an atmosphere of steam and hydrogen. The 
steam is decomposed, its oxvgen uniting chicfly with the carbon 
of the carbide. Whatever tungsten is oxidized in this process 
is reduced again by the hydrogen which is present. It is impos- 
sible to say exactly whether this process is actually used in 
the manufacture of these lamps or not, though the statement 
may be made with a reasonable degree of certainity that some 
substitution process is used by Dr. Just and Hanaman. 

The manufacture of filaments of osmium presented a problem 
similar to that of the tungsten filament. It is, therefore, natural 
that the process of Dr. Auer von Welsbach should by proper modifi- 
cation be adapted to the manufacture of tungsten lamps. 
Experiments along this line have been carried on by the com- 
panies in Germany and Austria which have been engaged in 
producing osmium lamps. То the tungsten lamp manufactured 
by the Osmium Lamp Company of Vienna has been given 
the name of the Osmin lamp. The tungsten lamp of the 
Auer Company of Berlin is called the Osram lamp. While it 
is reasonably certain that the details of the processes of 
manufacture of these two lamps differ from each other, yet 
thev are probablv alike in their general features. The method 
consists in forming a paste of finelv-divided tungsten with 
a binder of organic material such as, for instance, sugar solution, 
and squirting the same into filaments through a die. The 
carbon is then removed from the filaments by heating the 
latter in an atmosphere of steam and hvdrogen or bv the use of 
some similar process. 

Still another tungsten lamp is known as the “Z” lamp. The 
process bv which it 15 manufactured involves also a squirting of a 
paste consisting of finely divided tungsten with an organic 
binder, but differs from the other in the method emploved to re- 
move the carbon. 

A well-known manufacturing company nas announced that it is 
about to put a tungsten lamp upon the market, made bv a process 
differing from all those mentioned above, but no information as 
to the nature of this process 1s available. 

It has also been annonuced that Mr. John A. Hcanv has been 
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successful in producing tungsten lamps, but details as to his 
method of operation are also entirely lacking. Some lamps 
made by Mr. Heany have been the subjects of experiments 
made at the National Bureau of Standards.* 

It will be seen from the foregoing that the possible methods 
for producing tungsten lamps are probably quite numerous, and 
that the prospects are that we shall have in the near future a 
number of competing processes of varying degrees of merit. 
Time and experience will be required to show which is best 
adapted to practical application. 


PHYSICAL CHARACTERISTICS. 


Tungsten lamp filaments manifest all the ordinary properties 
of wires of pure metals. They have high conductivity and a 
large positive temperature coefficient. The high condutcivity 
of the material requires that the filaments shall be very fine and 
quite long if they are to be used in producing lamps giving a 
reasonably low candle-power on 110-volt circuits. The degree 
of fineness to which it has been possible to reduce these filaments 
is indicated by the following table: 


Diameter 
Tantalum, 110 volt, 22 с-р..............0.052 mm. 
Osmium, 1буой...................... 0.103 “ 
Z ЖУУ УЛТ este Tr renes DL. “ 
| After burning............... .0.055 “ 
Osram, After burning................. 0.044 “ 


A fine hair may have a diameter of about 0.06mm. In view 
of the extraordinary degree of fineness which has already been 
attained in the manufacture of these filaments it does not seem 
probable that very much more can be looked for in this direction. 

Tungsten filaments, when at the temperature of full incandes- 
cence, are quite soft. It is, therefore, not feasible to produce 
them and mount them in lamps in any other form than in loops. 
The result is that the tungsten lamp takes on the appearance 
shown in Fig. 2, which illustrates a 110-volt Osram lamp. In 
this lamp it will be seen that the filament consists of four loops. 
The ends of each loop are attached by means of a paste or by 
actuallv fusing them fast by the use of an electric arc to wires 
brought out from the stem of the lamp. The stem of the lamp 
is prolonged and carries at its lower extremity wires which serve 


* Electrical World, loc. cit. 
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as guides and supports for the loops of the filament. All the 
lamps which have been exhibited up to the present time have been 
intended for burning only in a pendant position. It can be 
stated, however, that bv certain modifications in the details of 
construction lamps are now being made which can be burned in 
any position. The first tungsten lamps produced were designed 
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for low voltages. In consideration of the high conductivity ot 
the material, the production of a low-voltage lamp 15 a more 
simple problem than the production of one of higher voltagc, 
since for low voltages a shorter length of the filament may be 
employed. It would seem also that it is easier to produce a 
lamp of high candle-power than of low candle-power, since a 
stouter filament may be emploved in the high candle-power 
lamp. 

As far as the writer knows, no 110-volt lamps have been pro- 
duced as vet for lower candle-powers than 25 and no lamps have 
been produced for higher voltages than 220. The fineness of the 
110-volt, 125 candle-power filament is such that it would seem 
to be difficult to produce such a lamp as a regular commercial 
article. The 220-volt lamps are probably only experimental as 
yet. The properties of the tungsten filaments are such that it 
would seem to lend itself very readily to the production of most 
excellent lamps for street lighting bv the series incandescent 
system. Lamps for 110 volts are likely to have when commer- 
cially produced a watt consumption of 50 watts or more. It 
tungsten lamps are to be made for small candle-powers, such as 
are commonly emploved in domestic lighting, they would 
probably need to be made tor 50 volts or under, and consequently 
either burned in series or connected to low-voltage mains. 

One of the chief disadvantages of the tungsten lamp lies in the 
extreme fragility its filament. Blows or shocks given to the 
lamp are quite likely to cause a rupture of the filament. A 
ruptured filament may, however, mend itself bv the parts welding 
together once more, but where the filament has become welded 
it is quite likelv to break loose again. 


ELECTRICAL CHARACTERISTICS. 


The feature which differentiates the electrical behavior of the 
newer lamps from the ordinarv carbon lamp is their positive 
temperature coefficient. The temperature coefficient of the 
ordinary treated carbon filament has been shown by Mr. John 
W. Howell to be very nearly zero at the temperature of ordinary 
incandescence. At lower temperatures its coefficient is negative. 
The term “metallized” has been given to the carbon filaments 
treated by the high-temperature process on account of the fact 
that these filaments at their tempcrature of incandescence have 
a positive coefficient. The tungsten and tantalum filaments 
have also positive coefficients which are, moreover, much larger 
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than the positive coefficient of the ‘‘metallized’’ carbon. The 
temperature coefficients of tantalum, osmium, апа tungsten 
filaments has been determined by measuring the resistance ot 
these filaments at room temperature and again at 100 degrees 
centigrade. The coefficients as found were as follows :— 


Lanbtalnmiss esee Sees 0.234 per cent. per degree 
Оа ERA ER EAS 0.372 9 “ “4 
Tungsten (Osram lamp).......0.438 " “ oe a 


It will be noted that the temperature coefficient of the osmium 
filament corresponds very closely to the temperature coefficient 
of pure platinum. The temperature coethcient of the tungsten 
lamp is higher and that of the tantalum filament is lower than the 
average cocfficient for pure metals. In accordance with the 
general law that the presence of impurities reduces the tempera- 
ture coefficient to a very marked degree, it would appear that 
the tungsten of the Osram lamp was very pure, while the tan- 
talum of the tantalum lamp either contained some slight trace 
of impurity or that the metal was in such a condition, due possibly 
to crystallization or to lack of annealing that its coefficient was 
abnormally low. 

The effect of the positive coefficient is to give the metal-tila- 
ment lamps considerable inherent reguiation. That is, the 
change of current through the lamp is no longer proportional 
to the change in voltage, but is smaller proportionally than 
the change in voltage. Consequently in watts, candle-power, 
and watts per candle of these lamps undergo smallez changes 
with the change in the line voltage than is the caseof the carbon- 
filament lamp. These characteristics are brought out in the 
curves of Fig. 3. From the data used in plotting the above 
curves the following table has been taken which shows the 
change in candle-power and in the watts per candle of carbon, 
metallized, tantalum,and tungsten lamps with 5 per cent. rise in 
the voltage. 


TABLE II. 
CHANGE WITH 5 Per Cent. INCREASE IN VOLTAGE Anove NORMAL. 
Candle-power Watts per Can lle 
CAT NOM. aig eas dau gd +3965 —15%, 
Metallized. 21222 4121765 —13t€5 
Taántalüfibes soe rete no Ee —]192 
ТИПО СИ c vuv s ees + 200% —10% 


The quality of the lamps here pointed out is a very valuable 
one since 11 must have two important results: 
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1. The light of the lamps is less affected by bad regulation 
of the circuit. This means that with a given degree of regulation 
of the voltage on the circuit, the service must be more satisfactory 
to the user, and has a direct bearing on the amount of copper 
required in feeders. 

2. The life of these lamps is probably less affected by the 
momentary or even continued application of excessive voltages. 
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Another interesting consequence of the positive temperature 
coefficient is that at the instant of closing the circuit the current 
through a metallic flament is much greater than it is a fraction 
of a second later when the current has had time to heat the 
filament to its normal temperature. In other words, there is an 
initial inrush of current similar to that experienced in an arc 
lamp or in a motor, but enduring for a much smaller period of 
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time. The behavior of the ordinary carbon filament is the re- 
verse of this. This effect is clearly shown in the oscillograph 
curves of Fig. 4, in which one record shows the initial current 
through a carbon filament and the other the initial current 
through a tantalum filament. | 

The position of the two spots of light before the circuit was 
closed is shown at the right of the figure. On closing the circuit, the 
instantaneous value of the current through the tantalum lamp is 
verv high, but decreases with great rapidity. The instantaneous 
value of the current through the carbon filament is much lower, 
and gradually reaches its maximum value. The consequences of 


Fic. 4. 


this can be perceived by the eve. Since the initial inrush into 
the metallized filament causes it to come to full incandescence 
much more quickly than does the carbon filament, the relative 
sluggishness of the carbon filament is readily appreciated by the 
eye when the metallic filament and the carbon filament lamp are 
lighted up side by side on the same circuit. 


DISTRIBUTION OF LUMINOUS INTENSITY. 
The distribution of luminous intensity in the horizontal plane 
for both tantalum and tungsten lamps must be on the average a 
circle, due to the method of construction of the lamps. This 
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circle contains in each case a number of narrow maxima which 
are due to reflections from the opposite side of the bulb. Curves 
of vertical distribution of a tungsten lamp and of a new and an 
old tantalum lamp are shown in Figs. 5 and 6. The difference 
between the curves of the old tantalum lamp and the new tan- 
talum lamp brings out a marked peculiarity of the tantalum lamp 
when constructed witha straight-sided bulb. It points toa change 
in the spherical reduction factor or ratio of the mean spherical to 
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the mean horizontal candle-power of the lamp during its life. 
Such a change is actually shown by the lamp. The change in 
vertical distribution mav be traced to two causes; first, to the 
fact that during the course of the burning of the lamp a heavy 
deposit of black material is left on the bulb in a zone of a width 
substantially the same as the length of the spires of filament 
stretched between their support. This zone of blackening 
decreases strongly the horizontal intensity of the lamp, and 
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much less strongly the intensity in the direction of the tip. 
Hence, the candle-power as measured through the tip becomes 
relatively stronger as time goes on. 

Another cause of this change is probably the increased rough- 
ness of the filament of the lamp. When the lamp is new, the 
filament appears as a fine smooth wire, looking like polished steel. 
and showing, under the microscope, a uniform surface, exccpt 
for very slight pittings. A wire of this sort would radiate very 


iS е 
М 


PÓWER / ^/ 
OF TANTALUM LAMP-NEW AND OLD S/S 
PLOTTED IN PERCENTAGE OF MEAN SPHERICAL CANDLE as N 
N 


NEW LAMP 
-== =e LAMP AFTER 700 HOURS ON DI TIED 


| 


Fic. 6. 


little in directions nearly parallel with its length. The law which 
applies to a body having a perfectly black surface is that the 
radiation 15 proportional to the cosine of the angle of emission 
of the rays. The radiation from such a body as the tantalum 
filament would decrease more rapidly than according to this 
cosine law, consequently there would be a deficiency of light in 
directions not at nght angles to the filament. The filament, 
however, becomes roughened with use, and the little projecting 
surfaces would tend to increase the radiation in these directions. 
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The spherical reduction factors for twenty tantulum lamps, 
as shown in Table V are extremely variable, falling as low as 
0.69 and rising as high as0.76. "The cause for this is probably in 
the difference in the degree of polish of the surface of the filament. 
A lamp having a filament in the form of a straight cylindrical 
rod of perfectly black surface would show a theoretical reduction 
factor of 0.785. Practical carbon-filament lamps never have 
a factor smaller than this. A lamp of this character would give 
no light through the tip. The fact that the tantalum lamp 
shows smaller reduction factors than this value indicates 
how comparatively feeble is the radiation of this polished wire in 
other directions than normal to the surface. The value of this 
reduction factor shows, however, a very large increase during 
the life of the lamp, as is seen from the table, the change amount- 
ing, in some cases, to over 30 per cent. This is leaving out of 
consideration lamps which show an abnormal changein reduction 
factor, due to short circuits among the spires of the filament, 
These changes represent the combined influence of the roughen- 
ing of the filament and of the deposit of the zone of black on the 
bulb so as to intercept the horizontal rays. An important 
conclusion from the facts here noted 15 that it is absolutely 
necessary, if we are to obtain any adequate idea of the perform- 
ance of the tantalum lamp, to 1nake measurements of the mean 
spherical rather than of the mean horizontal candle-power. Meas- 
urements of the horizontal candle-power alone, the spherical 
reduction factor being unknown, are likely to be misleading 
and fallacious. This 1s not the case with the carbon filament. 
in which the spherical reduction factor is quite a definite and 
unvarying quantity for a given type of filament. 


“зикр”, LIFE ОЕ METAL-FILAMENT LAMP. 


It has been customary to consider as the useful life of a car- 
bon-filanient lamp its life up to the time when its candle-power 
has fallen to 80 per cent. of its initial value. Beyond this point 
it has been considered cheaper to discard the old lamp and replace 
it with a new one; in other words, this has been taken tobe the 
proper ‘‘smashing point" of the lamp. It should be pointed out 
that this relation does not hold with the metallic-filament lamps. 
The smashing point of a lamp is determined by considera- 
tions of intial cost of the lamp, the cost of electrical energy, and 
the rate of decline of the candle-power of the lamp. In the metal- 
lic filament lamps we have lamps of much higher economy, not. 
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only initially, but throughout their life; they are lamps of 

higher candle-power and necessarily of higher initial cost. It 
would seem that the data at present available regarding such 
lamps are not sufficient to permit of the proper determination 
of the smashing point. Certain it is, however, that where such 
lamps are used thev are likely to bé burned until they fail. This 
is the condition which is almost necessarily brought about bv 
their relatively high cost. 

А feature which marks both the tantalum and the tungsten 
lamp is the ability of the filaments sometimes to repair themselves 
after having been broken. If the broken end of a filament becomes 
crossed with another portion of the filament so that the electric 
circuit is completed the lamp once more lights up. In the case 
of the tantalum lamp, a junction of this kind may result in a 
very strong weld,so that a point of this sort does not necessarily 
constitute a point of especial weakness in the filament. Welds 
of this sort between tungsten filaments operated at normal 
voltages are much less secure and are quite liable to break apart. 
After a repair of this sort the candle-power of the lampsis usually 
higher than before, due to the decreased length of filament which 
the current must traverse. Theoccurrence of breakages and re- 
pairs accounts for irregularities in life-test curves such as are not 
seen in the curves of carbon filament lamps. This peculiarity 
of the mctal-filament lamps raises a question in regard to proper 
criterion for reckoning the life of such lamps when testing them 
The question is, should the life of a metal-filament lamp be 
reckoned up to the time when its filament first breaks or shouid 
the time of final failure be taken? In other words, should the 
first natural failure be cons етей as terminating the useful life 
of the lamps, or should the useful life include all the period up 
to the point where it is no longer possible by manipulating the 
lamp to. cause it to repair itself? 


Lire History. 


Some of the earliest tests of tantalum lamps made in this 
country showed a much poorer behavior than was claimed for 
the lamp by its makers. In these tests the lamps were burned 
on alternating-current circuits. Since there was no reason to 
suspect that the lamps were suffering on account of incorrect 
voltage or rough handling, the conclusion was almost inevitable 
that the nature of the current might be influencing their life. 
On trial it was found that tests made on direct current instead 
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of alternating gave results which were in general agreement with 
those which had been published abroad. Since that time the 
effect of alternating current in shortening the life of a tantalum 
lamp has become well recognized. Since no quantitative data 
have been published showing the amount of this effect, the fol- 
lowing table in which comparative values of the life of tan- 
talum lamps on direct current and on alternating current of 
25, 60, and 130 cycles per second wil! be of interest. The re- 
sults of the 130-cycle test have kindly been placed at my dis- 
posal by the authorities of the Edison Lamp Works. 

A microscopic examination of the tantalum filaments, new and 
burned on direct current and alternating current of different 
frequencies, is extremely interesting. A free-hand drawing of 
such filaments as seen under the microscope is given in Fig. 7. 


TABLE IV. 
MORTALITY TABLE—TANTALUM LAmps. 
| ‘ = Direct 
130 Cycles. 60 Cycles} 25 Cycles! Current 
1.87 watts| 2.49 watts| 3.1 watts | Rated Rated Rated 
per candle | per candle | per candle | volts volts volts 
Number of lamps .... 10 10 10 15 16 20 
First бйгй-Оч%........... 34 hr. 92 hr. 110 hr. 23 hr. | 177 hr. | 180 hr. 
* 50% burned out........ 2r ЖА 107 238 “ 118 ~ "е 6 КА 641 " 
100% burned out.......| 290 " 335 '' 447 " 476 " 641 '' 
Total hours of test...... 290 “ 335 " 447 " 397 “ 641 = 715“ 
Average life of group....| 122“ 203 '' 248 “ 151 '' 324 '' 606 “` 
(est.) (est ) 


It will be seen in this figure that the unused filament is smooth 
and polished with onlv slight pittings on the surface. The fila- 
ment which has been burned on direct current is much less regu- 
lar; its surface shows deeper pittings and, in places, it is cut and 
notched as if with a knife blade. Some parts of the filament are 
much more irregular than others. The filament on 25 cycles 
shows still stronger markings of the same character as shown on 
the direct current, but shows also, in places, a jointed structure 
looking like the jointed structure observable sometimes in 
basaltic rocks. This latter effect is even more marked in the case 
of the filament which has been run on 60 cycles. Here, parts 
of the filament look as if they were made up of blocks which had 
been irregularly piled one on the other. The length of these 
jointed sections in the filament is about equal to the diameter of 
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the filament itself. It looks, in some places, as if one of these 
sections had been almost expelled from therow. Theappearance, 
too, is very much as if where these joints occur, the filament had 
actually separated and had welded itself together instantlv. 
The filament which had been operated on 130 cycles had the 
same appearance, perhaps somewhat exaggerated. In short, the 
increased wear and tear of the filament, due to the use of the 
alternating current, is very apparent. The reason for it, how- 
ever, 15 obscure. The conclusion is inevitable that this lamp at 
the present time 1s essentiallv a direct-current lamp. 

No such effect 1s observable with the tungsten lamps. Tests 
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of the Electrical Testing Laboratories show quite definitely that 
their life on direct current and alternating current 1s the same. 
This has also been proved by elaborate experiments to be true of 
carbon filaments. 

The results of tests of 20 tantalum lamps of German manu- 
facture on direct current are given in Table V. From these data 
the curves of Fig. 8 have been plotted. 

Fig. 9 gives the average values of horizontal candle-power, 
watts, and watts per candle of the above lamps and it serves to 
show graphically the distribution of failures of the individual 
lamps. 
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Representative lamps, the performance of which may be con- 
sidered to be characteristic of the 20 tantalum lamps, have been 
selected from among the above. Data on these lamps are given 
in Table VI and are plotted in Fig. 10. 

From the foregoing data it will be seen that the life-history 
of tantalum lamps is characterized by a large initial increase in 
candle-power and a corresponding decrease in watts per candle, 
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the extreme values being reached at the end of about 25 hours. 
From this point on, the candle-power decreases at a moderately 
rapid rate and the watts per candle increase. The rate of decline 
of the mean horizontal candle-power is more rapid than that of 
the mean spherical candle-power, for the reasons given above. 
The result of the relatively slow decrease of mean spherical 
candle-power with a large initial increase, is that in some cases 
the final mean spherical candle-power of a lamp is actually 
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greater than its initial mean spherical candle-power. For 
purposes of ready comparison, life curves of representative 
tantalum and of a carbon lamp burned at 3.1 watts per candle 
are shown in Fig. 11. The candle-power of both is on a mean 
spherical basis. The exaggerated initial rise of the candle- 
power of the tantalum lamp is very apparent. Curves for watts 
per spherical candle-power give an opportunity for a comparison 
of the relative electrical economy of the two kinds of lamp. 
Results of tests of tungsten lamps made in various laboratories 
are given below. The data on some of the makes of tungsten 
lamps are extremely meager, a circumstance which in some cases 


TABLE VI. 
REPRESENTATIVE TANTALUM Lamps. Data on Lamps Nos. 69 AND 53. 


Mean Horizontal Mean Spherical 


Lamp Lamp Lamp Lamp 
No. 69 | No. 53 || No. 69 | No: 53 


Initial сапЧЇе-ромег.......................... 24.2% | 21.1% ||17.1% 16.1% 


Peak сапЧайе-роз,ег........................... 31.6% | 29.9% ||22.5% 22.995 
700-hr. сапЧайе-роз'ег......................... 17.3% | 17.8% |16.0% 415.4% 
Average candle-power to 700 hours............. 121.299 | 21.7% |17.1% = 117.6% 
i : ( From Initial...| 28.5% | 15.6% || 6.4% 4.4% 
Decrease с-р. during 700 hours» Erom Реак....| 45.3% | 40.5% ||28.9% |32.79- 
Rate of decrease рег 100 hours ( From Initial...| 4.07%} 2.23%%|| 0.91% | 0.63% 
during 700 hours | From Peak....| 6.47%| 5.7991 4.13% | 4.67% 
Initial reduction Їасїот........................ 0.764 0.707 
Reduction factor at 635 һомг.................. 0.8°6 0.902 
Average watts......... ue Куло IRE ME mt 46.6 45.8 46.6 45.8 
Initial watts per сапФПе........................ 1.98 2.17 2.80 2.84 
Watts per candle (реаК)....................... 1.52 1.59 2.12 2.07 
Watts per candle (700 Һоцтгѕ).................. 2.61 2.50 2.82 2.90 
Average watts per сапа1е................. dad 2.20 2.11 2.70 2.60 


is believed to correspond to a backward state of their commercial 
development. Fig. 12 gives the results of tests* of two Kuzel 
lamps of approximately 30 volts and 11.5 candle-power, made at 
the Technologisches Gewerbe-Museum in Vienna. These lamps 
consumed approximately 1.25 watts per candle initially. One of 
them reached the extraordinary life of 3,537 hours, with a de- 
crease in candle-power of about 10 per cent. The filaments in 
both the lamps were burnt through and repaired once in the 
course of their life. The result of the repair was an increased 
candle-power, which is shown clearly on the curve. 


*Kremenezky '' Elektrotechnik und Maschinenbau," 1906, No. 6. a. 
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The average result of tests of three Osmin lamps of 55 volts 
and 44 candle-power are shown in Fig. 13. These tests were 
made in the laboratory of an electrical company in Vienna. The 
lamps showed a life of 1,200 hours and a decrease in candle- 
power of 14 per cent. in that time. The results of a test of three 
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Osmin lamps of 55 volts made at the Municipal Electricity 
Works, Vienna, showed an initial candle-power of 27.3 and 
initial watts of candle-power of 1.25. After 2.239 hours of 
burning the candle-power was 23.4 and the watts per candle 1.45. 
Six 54- volt Osmin lamps tested at the Technologisches Gewerbe- 
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Museum consumed initially 1.17 watts per candle. After 1,776 
hours the watts per candle were 1.24. The candle-power of these 
lamps is not given in the report. It should be noticed that all 
the above lamps are low-voltage lamps, from which a better 
result is to be expected than from 110-volt lamps. 
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The results of tests made at the Reichsanstalt of 16 
Osram lamps of from 117 to 111 volts and 25 to 30 candles are 
shown in the curves of Fig. 14. This test extended for 1000 hr. 
In the course of that time 5 out of a total of 16 lamps had failed, 
while 11 lamps were still burning. The characteristics of the 
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lamps seem to bea moderate initial rise in candle-powerand a very 
slow subsequent rate of decline. 

Fig. 15 shows average values of candle-power, watts, and 
watts per candle of eight 117-volt lamps from among those given 
in the above tests. 

In Fig. 16 are shown the individual curves of six Osram lamps 
of 32, 35, and 45 c-p, tested at the Electrical Testing Laboratories. 
The results of these tests differ from the results of the Reich- 
sanstalt test in that thev show practically no initial rise in candle- 
power. The decrease in candle-power of the lamps throughout 
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life, however, is very slow. The watts per candle are also almost 
constant. The life of the lamps was on the average considerably 
shorter than the life of those tested at the Reichsanstalt. 
Candle-power curves of eleven tungsten lamps of quite another 
foreign make as tested at the Electrical Testing Laboratories are 
shown in Fig. 17. These lamps exhibit a very large initial in- 
crease in candle-power, followed bv a practically constant condi- 
tion. The average life is also much shorter than in the case of 
the Osram lamp. | 
The curves of Fig. 18 are of particular interest since they show 
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the performance of lamps made in this country. These iamps 
were tested at an average initial consumption of 0.99 watts per 
candle. Their average life was 363 hours even at this high initial 
efficiency, and the average decrease in candle-power was 17.7 per 
cent. These curves demonstrate that incandescent lamps can be 
produced which will operate successfully at one watt per candle 
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and will give a satisfactory life. The candle-power of these 
lamps averaged about 40. _ 

The successive changes in the operating regime of incandescent 
lamps represented by the decrease in watts per candle from 
3.1 to 2.0 and 1.25 as in the tantalum and tungsten lamps, mark 
a prodigious advance in the art of electric lighting. How great 
this advance really is is illustrated more strikingly if we consider 
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the relative life of these lamps burned at the same initial watts 
per candle as the tungsten lamp normally consumes. The re- 
sults of a life test conducted on this basis are given in Fig. 19: 
The effective life to 80 per cent. of initial candle-power of the 
carbon lamp was 2 hr. and 38 minutes; of the tantalum lamp, 
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Fic. 14.—Candle-power Curves of Life-Test of Tungsten Lamps, Made 
by Physikalish-Technische Reichsanstalt on Alternating Current and 
Reduced to British Units. 


52 hr, while the tungsten lamp was burning with practically 
unchanged candle-power after the test had continued more 
than 700 hr. 


CoLoR or LIGHT AND EFFICIENCY. 


The color of the light from the tantalum lamp is whiter than : 
that of the carbon lamp, and the color of the tungsten lamp is 
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still whiter than that of the tantalum lamp. The light of the 
tungsten lamp resembles quite closely that of the acetylene flame. 
The increased whiteness of the light, which is produced evidently 
largely as a temperature effect and which does not involve a 
preponderance of certain colors, such as green or violet, consti- 
tutes a point of real superiority in the tungsten lamp. Time has 
been lacking to make a regular spectro-photometric study of 
these lamps. A simple experiment, however, has been made 
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which gives some idea of the increased radiation of the shorter 
wave lengths, both of tungsten and tantalum lamps, as compared 
with the carbon lamp at 3.1 watts per candle. 

The metal-filament lamps where photometered against the 3.1- 
carbon lamp directlv and then with a red, green, and blue glass 
interposed between the eye and the eye-piece of the photometer. 
The intensities so measured, expressed in percentages of the 
intensities measured without colored glasses, are given in the 
following table: 
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TaBLe VII. 
Tantalum Tungsten 
Lamp. Lamp. 
Total Mont. ое eS ES 100% - 100% 
Red light. 42i eb Weeds 90.5 83.0 
Green Пера ERES 100.3 101.8 
Blue light. «otto ead eis eae ak 109.2 126.5 


The increased whiteness of these lamps may theoretically be 
due either to higher temperature of the filament or to selective 
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radiation bv the filament. Recent work of Waidner and Bur- 
gess indicates that while the increase in the efficiency of tantalum 
and tungsten lamps, as compared with the carbon lamp, is to 
some extent due to the selective character of their radiating 
power, yet the chief cause of the increase is the higher tempera- 
ture at which it is practicable to operate them. The higher 
temperature causes the maximum of the spectral energy curve to 
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be shifted toward the shorter wave-lengths, and consequently a. 
higher percentage of the total radiation is emitted in wave- 
lengths which are capable of exciting vision. 


FLICKERING ON ALTERNATING CURRENT. 


It has been established as a result of practice that in general it 
is not possible to operate incandescent lamps on 25-cycle current 
with satisfactory results. This statement is made with a knowl- 
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edge of the fact that in certain cities a large amount of lighting 
is actually being done on 25-cycle circuits. Yet under some 
circumstances 25-cycle current produces such marked flickering 
of incandescent lamps that its use is absolutely impossible. 
It is an interesting question whether the tungsten lamp presents 
any advantages over the carbon lamp for use on low-frequency 
circuits. Its positive temperature coefficient and the relatively 
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low radiating power of its surface would tend to reduce the 
flickering, while the extreme fineness of the filaments which re- 
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sults in a smaller thermal capacity and the high thermal con- 
ductivity which, as a metal it probably possesses, would tend to 
increase the flickering. A few preliminary tests have been made 
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in an attempt to gain some information on this question. It 
was very quickly discovered, however. that the question is so 
very complicated that a considerable research will be required 
to ascertain definitely the facts of the case. Eleven tungsten 
lamps were attached to the ceiling of a small room, producing a 
brilhant illumination in the room. Three observers attempted 
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to determine the presence or absence of flickering. With the 
lamps at their normal voltage of 115 and with a frequency of 25.5 
cycles per second, L. found the flickering marked; M. found the 
flickering marked; S. could see a flickering intermittently, as 
when his head was moved suddenly. With the same lamps, 
but with the voltage reduced to 100, the flickering was imper- 
ceptible to all the observers. 
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As the voltage was raised successively to 105 and 110 volts the 
flickering became perceptible. When five of the lamps were re- 
moved. leaving only six lamps in position, it was the consensus 
of opinion of the three observers that the flickering was less 
marked than when all the lamps were in. In other words, the 
intensity of the sensation of flickering seems to be a function of 
the illumination. The flickering was imperceptible when looking 
directly at the lamps, but could be observed only through light 
which is not focused directly on the fovea of the eye. To in- 
stitute a comparison between the flickering of the tungsten lamps 
and of carbon-filament lamps, two procedures may be taken. 

1. To take a sufficient number of carbon-filament lamps of 
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candle-power comparable to the candle-power of the tungsten 
lamps, lamp for lamp. 

2. To take a sufficient number of carbon-filament lamps 
having a filament of approximately the same diameter as the 
diameter of the tungsten filament. 

The numbers of the carbon-filament lamps must be so chosen 
as to give substantially the same amount of light as the tungsten 
lamps. The first of the two above alternatives was chosen for 
а comparative test. That is to say, twelve 32-c-p. carbon lamps 
were substituted for the 11 tungsten lamps. These were operated 
at 3.1 watts per candle. At the same frequency as was used for 
the tungsten lamps, no flickering could be observed. This is 
not a surprising result, since the diameter of carbon filaments is 
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much greater than the diameter of the tungsten filaments, and 
consequently their thermal sluggishness is a much more important 
factor. 

In view of the very considerable advantages which would 
be gained if it could be shown that it is feasible to operate in- 
candescent lamps on alternating-current circuits of frequency 
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low enough to permit of the easy operation of synchronous 
converters, that is to say, a frequency of 25 cycles or slightly 
greater, the question of the variation of the light of incandescent 
lamps during a half cycle of the alternating current has also been 
subjected to an experimental investigation by the use of a stro- 
boscope. To the axis of a small synchronous motor was attached 
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a disc with narrow radial slots cut in it, one for each pole of the 
motor. The lamp was placed behind this disc, while close to it 
and in front of the disc a suitable photometer was arranged. 
The motor was driven from one of two alternators, having 
their shafts coupled together, and the lamp was supplied from 
the other alternator. The phase of the current passing through 
the lamp with respect to the current in the motor could be shifted 
through known angles by shifting the armature ring of one of the 
coupled generators. This generator arrangement, which was 
planned originally chiefly for meter tests, proved itself to be 
extraordinarily convenient for such stroboscopic measure- 
ments as are here described. With the use of this arrange- 
ment, curves have been plotted showing the variation in the 
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intensity of the incandescent lamps as the current through the 
lamp rises from zero to its maximum value and decreases to zero 
once more. А set of curves of this kind relating to the metallized- 
filament lamp operated at 2.5 watts per candle, are reproduced 
in Fig. 19 and serve to illustrate the nature of the data obtained. 
Similar curves were obtained for ordinary 8- and 16- c-p. lamps. 
operated at a series of different values of the watts per candle. 

To discuss these results, the percentage variation of the light 
of the lamp per cycle was taken under all the different conditions. 
These percentage variations were plotted in curves shown in 
Figs. 20 and 21, using frequencies as abscissas. The curves so 
obtained, while exhibiting certain irregularities due to experi- 
mental difficulties, are fairly concordant and exhibit to a com- 
mon character. The percentage variation seems from these 
curves to be expressible by two linear relations, with a point of 
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sharp curvature occurring between 25 and 30 cycles per second. 
That is, as the frequency is increased from 15 to 25 cycles the 
diminution in flicker is very rapid. Above 30 cycles the diminu- 
tion in flicker is verv slow. Since it has been found possible in 
some places to operate incandescent lamps on 25 cycles, it would 
seem probable that a comparatively small increase in the fre- 
quency, which would carry the lamps beyond this apparently 
critical point in the curve, might make feasible the general 
operation of incandescent lamps from alternating-current power 
circuits. - 

Similar tests to the above have been carried out on a 40-watt, 
35-c-p, 115-volt Osram lamp. Тһе results of this test as shown 
in Fig. 22 indicate that the stroboscopic variations of a tungsten 
lamp of this size are not much different from those of an ordinary 
lamp rated as on 8-c-p. lamp when forced to 2.5 watts per candle. 
The strobos:opic measurements, however, may be subject to 
certain ones of the difficulties which affect the detection of 
flicker by the eve. In other words, the degree of intensity of 
the light upon the photometer disc may have an influence on 
the results obtained. However, if the results of this preliminary 
test, which has been made in a very limited time for the pur- 
poses of this paper, can be confirmed bv later and more careful 
experiments, the tungsten lamp will be found to he less adapted 
to use on alternating circuits of low frequency than the standard 
lamp of to-day. 

CONCLUSION. 

From the data given above it seems certain that. the electric 
lighting industry 1s face to face with a change of almost revolu- 
tionary character. The standard of incandescent lighting 
efficiency will be brought by the tungsten lamp to a point about 
three times as high as it is at present. The efficiencies of all 
other incandescent lamps and of enclosed arc lamps are exceeded 
by that of the tungsten lamp. In other words, with the possible 
exception of some forms of vacuum-tube lighting and of the 
magnetite and flaming arc lamps, the tungsten lamp is the most 
efficient electric illuminant. Combined with its virtue of high 
efficiency it has the other advantages of incandescent lamps in 
being perfectly simple in its character and construction and in 
heing capable of subdivision into small units. 


ADDENDA. 
Page 812, near bottom, should read: "a well-known manufacturing 
company in this country has announce 1%, сіс.” 
Page 836, first line of second paragraph should read: “The curves of 


Fig. 18, which have been furnished by the courtesy of Mr. John W. 
Stowell, are of etc." 

Page 836. The caption on Fig. 18, should read: (‘American made 
Tungsten Lamps.” 
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RECENT INVESTIGATION OF LIGHTNING PROTECTIVE 
APPARATUS. 


BY R. P. JACKSON. 


Owing to the peculiar nature of lightning and similar disturb- 
ances, a variety of opinions continues to exist concerning their 
action and the usefulness of various devices for protecting against 
them. In this paper, an attempt is made to outline the most 
dominant characteristic of lightning as manifested on electric 
circuits and recent investigation as to what characteristics pro- 
tective devices should possess and to what degree they have 
been found in practice to possess them. 

While the record of effectiveness of various devices in service 
is the final test, very misleading results may be still obtained, 
due to the large factor of chance and accident sure to be encount- 
ered, and to the difficulty in ascertaining the actual condition 
after everything is past. It has sometimes happened that an 
operator has had the greatest assurance that he obtained pro- 
tection from a particular arrester, when a little investigation 
mixed with common sense would show that by no means could 
the device have done any good. 


A MECHANICAL ANALOGY. 


In inany ways the various characteristics of electric circuits can 
be represented by mechanical analogies; though no one analogy 
will hold good for all the phenomena. So, while helpful, caution 
must be exercised or one will be lead astray. The following 
analogy is not new, but 1s especially well fitted to represent the 
static elements of an electric circuit. 

Assume an elastic fluid like a heavy gas having inertia and 
capable of various states of pressure and motion without chang- 

$843 
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ing its characteristics. Enclose this fluid so as to flow in directed 
paths, such as pipes, and provide pistons, as shown in Fig. 1, 
one of which may receive power and the other deliver it. If one 
of these pistons is moved back and forth, the fluidin the pipes is 
compressed and expanded in turn while the other piston moves 
a little later in phase and may do work. The amplitude of 
motion determines the flow of fluid. 

Electrically, we may consider that one of these pistons repre- 
sents a generator and another a translating device, such as a 
transformer. The ability of the fluid to be compressed and ex- 
panded corresponds to the electrostatic capacity of the line, 
while the inertia and frictional resistance to the motion of 
the fluid represent respectively the inductance and the resistance 
of the line. 

Choke-coils may be represented by smaller pistons C, C, of 


Fig.l. 


considerable inertia but moving freely in the pipe. It may be 
noted that the pistons P,P, which represent the generator 
and transformer, likewise have inertia but are also moving 
against the resistance of their load or the work that is being done. 
Small plugged vents A, A are the equivalent of the lightning- 
arresters. The resistance to the flow of fluid through them after 
the plugs have been ejected corresponds to the series resistance 
of the arrester, while the security with which the plugs are held 
represents the length of gap. It is obvious of course that very 
small holes for vents will give correspondingly little relief in case 
a rise of pressure develops. A larger hole will give a greater 
degree of relief from excess pressure, and the size of vent neces- 
sary to limit the pressure at a given point to anv value is de- 
pendent on the rapidity with which fluid at any objectional 
higher pressure can reach the vicinity of the vent. The result 
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of numerous experiments indicates that a true conception of 
the effect of lightning and other static phenomena, on trans- 
formers and generators, is only to be had bv considering 
them as analogous to cases of impact of surges in an elastic fluid. 

Suppose we assume in Fig. 1, that an explosion has occurred 
at some point in the pipe and that this explosion has had the 
effect of producing for some length of the pipe an immensely 
increased pressure. This fluid, if retained by the pipe, will ex- 
pand in each direction with a rapidity controlled mainly by the 
inertia and elasticity of the fluid. If this wave of high pressure 
strikes a piston of great inertia an additional rise of pressure 
and also a reflection of the wave will occur. If we are especially 
desirous of keeping the pipe from bursting near the piston, or 
if it happens to‘be impossible to make the pipe as strong near 
the piston as elsewhere, there are two devices which serve to re- 
heve the stress at that point. They are indicated in Fig. 1 and 
operate in different ways.* А loose piston of considerable inertia 
will reflect part of the wave before it reaches the main power 
piston and so relieve the strain on the pipe in the vicinity of the 
latter. Also a suitable vent will permit the escape of sufficient 
fluid to limit the rise in pressure. How may this analogy be 
applied to electric circuits? 

If a wire becomes inductively charged for a portion of its 
length by a cloud overhead, and this cloud discharges to ground, 
a free charge suddenly exists on the wire and at once expands 
in both directions with about the velocity of light. If this charge 
escapes at some point through a certain amount of inductance, 
oscillations will of course be set up. Under proper conditions 
the elastic fluid assumed in the analogv would act in the same 


* An attempt to make an analogy include all the phenomena of electric 
circuits leads to burdensome complications. It may be observed that 
pistons are only suitable to illustrate or represent inductances where 
the flow of the fluid is considered to be alternating. АА true analogue 
is to assume a heavy pivoted mass like the rotating part of a steam 
turbine. After such a mass had been set rotating by continuously flowing 
fluid, it would offer no further impediment to flow, except the incidental 
frictional resistance, just as inductance acts with continuous current, 

If such a mass be equipped with a multitude of small vanes, there will 
be, while the mass is being accelerated, a difference in pressure from one 
end to the other, manifested by the fluid driving or accelerating the mass. 
A heavy surge in the fluid striking the vanes might bend or break some 
of the first row or circle before the mass could be accelerated. This re- 
presents in some degree the breaking down between turns of electrical 
apparatus. | 
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manner. The probable effect, however,is simply that this 
charge in expanding strikes the transformer with a terrific im- 
pact. The inductance or electrical inertia of the transformer 
causes the surge to bank up in a manner similar to water-hammer 
in a pipe. <A rise in pressure and partial reflection occurs, 
dependent in amount on the suddenness of impact or steepness 
of the wave-front of the surge. It should be noted that though 
this illustration is used because water-hammer is a familiar phc- 
nomena, the analogy is not entirely true inasmuch as water is 
not so elastic as a gas. 

It is the effect above noted that causes the bursting of trans- 
former and circuit-breaker bushings, though their insulation 
is stronger than that of the line from which the surge comes. 
The pressure near the transformer terminal is greater, perhaps 
twice as great asit is at some distance back on the line. Fig. 
2 shows what might be an instantaneous condition when F re- 
presents the line and P the transformer winding. 
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THe CHOKE-COIL. 


Now to revert to the analogy, 1t can be assumed that inertia 
is represented by the pistons C C and there can be inserted its 
electrical equivalent, an inductance or choke-coil. Apparently 
a well-insulated choke-coil in the lead of the transformer simply 
divides this impact into two parts, as shown in Fig. 3. Fig. 3 
does not, of course, represent an instantaneous condition, but 
rather the two maxima with a slight time-interval between. 
There are, of course, two separate reflections; one from the choke- 
coll, and one from the transformer winding. 

It should be noted that there are two stresses; one from 
the conductor to ground, the other between different parts 
ofthe same conductor. In Fig. 2, there isa large difference ot 
potential between the lead and a point a short distance in on 
the winding. Thisis the cause ofthe breaking down between 
turns of transformers and generators, one of the commonest 
manifestations of lighting trouble. 
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As indicated in Fig. 3, there is for an instant a large difference 
of potential between the terminals of the choke-coil, and a mo- 
ment later a condition similar to that in Fig. 3 occurs in the trans- 
former, but to a less degree. The amount of inductance in the 
choke-coil determines the amount of impact taken up bv the 
coil and the corresponding relief to the transformer. 

Fig. 4 shows how these stresses are distributed in a transfor-. 
mer winding. A 30,000-volt transformer winding of 2000 turns 
had leads brought out every 200 turns. It was arranged to have 
a condenser of 0.1 microfarad, charged to about 50,000 volts, 
discharge into and through this transformer. Spark-gaps were 
placed between adjacent leads, in each case spanning 200 turns. 
Fig. 4 shows the curve for only half of the transformer winding. 
Curve A shows the rise in pressure across each section when unpro- 
tected. Curve B shows the result when a choke-coil of 0.0165 
henry is placed in the lead. Curve C indicates the flattening 
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effect on the potential distortions within the transformer when 
a choke-coil of 0.1764 henry is used. 

It would appear that in an unprotected transformer, the first 
turns take the greater part of the strain and they also act asa 
choke-coil to the rest of the transformer. The reduction in stress 
across the first 10% of the windings by the use of the external 
inductance 15 very obvious. 

Fig. 5 shows the result on the first 1064 of the windings where 
various inductances from zero to 0.07 henrv are used. With no 
choke-coil, thestress appearing across the leads 1 and 2 is taken 
at 100%. With the different choke-coils the lower values in- 
dicate the per cent. that mav still be said to pass through the 
choke-coils and appear as stresses across the first 200 turns of 
the transformer windings. 

A flatter wave-front would, of course, tend to make Curve A 
Fig. 4 approach Curve C and the curve of Fig. 5 would havea 
lower maximum, but would probablv take the same shape; that 
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is, the same coil would permit the same per cent. of the maximum 
rise in the transformer, independent of the wave-front. 

A transformer of different design would also probably give a 
similar curve, except that for the same surge a different proportion 
of the windings would be required to give the samerisein pressure. 
In other words, it does not appear to be a certain per cent. of the 
transformer winding that receivesthe shock; but, it is more prob- 
able that the first inductance encountered by the surge receives 
the stress to a certain depth measured from the end of the winding 
which first receives the blow. If external inductance is inserted, 
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the amount ofthe stress taken up by it will depend on its amount, 
all values considered independently of the iron. Therefore a 
transformer of a very few turns would naturally have such an 
impact stress distributed over most of its windings, while one ot 
many turns is only endangered in the first small per cent. of its 
windings. As the inductance of any coil is, in general, propor- 
tional to the product of the mean turn and the square of the num- 
ber of turns, it follows that the larger a transformer is, the better 
is its inherent insulation against the impact stresses. For 
example, assume two transformers that at the same frequency 
will give 25 and 4 volts per turn respectively; presumably one 
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will have insulation for 1000 volts total between the first 40 turns, 
while the other will be provided with that amount of insulation 
only for the first 250 turns. The same inductance encountered 
in the first 40 turns of the larger transformer will, however, be 
found in the first 63 turns of the smaller. The insulation of the 
latter would normally be for only 250 volts, there being onlv 
4 the number of turns required, for 1000 volts operating po- 
tential. Consequently the smaller transformer, while suitably 
insulated for its operating condition at normal frequency, is not 
so well protected against surges as the larger one. 

In a general way the curve of Fig. 5 is borne out by results 
from coils in use. Coils of low inductance have in some cases 
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permitted sufficient disturbance to penetrate as to damage the 
transformers, while the better type of oil-insulated coils have 
been such good reflectors that the only difficulty has been in 
maintaining the insulation of the coil itself against the banking 
up of potential across it. 

A reasonable deduction from Fig. 5 is that coils of very low 
inductance are practically useless; while for coils of inductance 
greater than 0.06 henry the protection increases very little with 
the increase of inductance in the coil. 

Moreover, with increase of inductance in the choke-coil we 
encounter another difficulty. These inductances, of course, pro- 
duce a drop in voltage. The electromotive force across the 
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terminals of a coil is proportional to the current in that coil, but 
approximately 90 degrees out of phase with the current. 
Hence when the power-factor of the load is nearlv unity the 
resulting dropin voltageis relatively very small. If the power- 
factor of the circuit is low, however, the electromotive force 
across the choke-coil comes more into phase with the impressed 
voltage and becomes of consequence. Figs. бапа 7 show curves 
based on inductances giving 195 drop per coil at 80% power- 
factor at 25 cycles and 60 ТИ respectively. Thus іп а one- 
phase circuit with coils on each side of СЫ circuit, the drop at 
full load and 80€% power-factor would be 2. This value is simply 
assumed as an extreme maximum to w hich one night go. With 
power-factor near unity, even these inductances would not cause 
an appreciable drop.* 

From Fig. 5 it would seem that from 0.002 to 0.025 henry 
should be the useful range of values from the point of view of 
protection. Figs. 6 and 7 indicate to what degree such induc- 
tances mav be used. 

From these it appears impossible to eben much choke-coil 
protection for 60-cvcle circuits of dow voltage and power-factor 
and large currents on account of the prohibitive drop. In all 
other cases shown a suitable inductance may be inserted with 
a permissible drop. For higher voltages, the per cent. drop will 
be negligible. Also if the power-factor of the load is near unity, 
even such inductances as have been indicated as desirable will 
not cause an appreciable drop. In most circuits, a well-insulated 
coil of considerable inductance is of undoubted service. 

From consideration of Fig. 4 it would apparently be possible 
to insulate a transformer so as to protect it against the probable 
surges but it would make a difficult and expensive design at best 
and under commercial conditions when various loops are 
required and perhaps also series and parallel operation of 
coils for full and half voltage such insulation would be impracti- 
cable. 

The kind of clectrical disturbances which has been assumed 
above is, of course, one of many of widely varving characteristics, 

*\ rough rule for determining the inductance of a choke-coil without 
iron is to multiply the square of the number of turns by the length of the 
mean turn in inches and divide the product by 10*. This gives approxi- 
mately the inductance in henrvs. 

Example: А certain oil-insulated choke-coil had 186 turns and the 


length of the inean turn was 66 inches. 
186° x 66 x 10* = 0.0225 henry. 
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but it is the writers’ opinion that it represents the typical de- 
structive high-power surges which often manifest themselves. 


' THE LIGHTNING-ARRESTER. 


Returning to the mechanical analogy and Fig. 1, it may be 
noted that the lightning-arrester is of the nature of a relief valve, 
which when a rise of pressure occurs at the point at which it is 
placed should permit the escape of a sufficient amount of the 
elastic fluid to limit the rise of pressure. 

Considering the condition previously suggested, of a surge 
of the elastic fluid towards the piston representing the trans- 
former, it is possible, if the size of the pipe and the velocity of 
the moving fluid is known, to determine how large avent will 
“be required to relieve the surge of the fluid as fast as it arrives 
without permitting any reflection. Now supposing similiar 
conditions to exist in an electric circuit, can any tangible result 
be deduced? It has been shown that electric impulses or waves 
travel along aerial conductors with a velocity approximately 
equal to that of light or electromagnetic waves in the ether.* 
Also the charge or amount of electricity per unit length of con- 
ductor 1s proportional to the clectrostatic capacity of the conduc- 
tor,and the potential to which it has been raised, in the same 
way that the amount of fluidin theillustrative pipeis proportional 
to the volume per unit length and the pressure. 

Now considering, in the case of the pipe, that the initial 
condition of the elastic fluid before being disturbed was that of 
verv low inherent pressure, the wave resulting from the redis- 
tribution of sudden local high pressure will produce a mass 
velocity or velocity of the particles of the fluid itself verv nearly 
equal to that of its velocity as a wave. On the other hand, if the 
normal pressureissuch that the disturbancerepresentsonly a small 


*The rate of travel of electric waves along a wire is nota fixed value, 
but depends on the distributed capacity, the resistance, and inductance 
of the line. This rate of propogation is given by the expression, 


| ; 
N RC 2 (Bedell and Crehore) 
CIV К+? a? +L о! Page No. 199. 


which gives the rate of propogation in miles per second, if C, R, and 
L are given in farads, ohms, and henrys per mile. It may be found 
from this expression that for all sizes of copper down to No. 6, which is 
about 2 ohms per mile, and for all frequencies down to 150 cycles per 
second, the rate of propogation is not reduced more than 10 per cent. 
from the maximum. 
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per cent. change, the mass velocity of the fluid composing the 
wave at a given instant will be small compared with that of the 
wave itself. The latter condition is that existing in the case 
of ordinary sound waves. If, however, a tremendous explosion 
occurs, the wave of air is accompanied by a large mass motion. 
The action in the former case, or that of low inherent pressure, 
is also similar to that which will occur in a pipe when a valve is 
suddenlv opened and closed, permitting the escape of an elastic 
fluid from a reservoir into the empty pipe. If this fluid is heavy 
and encounters little resistance, it will impinge on the closed end 
of the pipe and rebound. The action in an electric conductor 
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under a severe disturbance, is more truly represented by con- 
sidering the normal pressur very low compared with that pro- 
duced by the disturbance. This would at least be true if the 
sudden rise should occur at or near the zero of the electro- 
motive-force wave. 

The above illustrations are simply to show the reasoning which 
leads to the following deduction. Assume that a potential wave 
of irregular contour 1s approaching a transformer protected by 
a vent or lightning-arrester. Assume some part of this wave to 
have a value of 100,000 volts. If the electrostatic capacity of 
the conductor to ground is taken as 0.0135 microfarad per mile, 
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which is approximately correct for the ordinary transmission 
line, there will be a charge of 0.00135 coulombs per mile. If 
this charge is arriving at the rate of 186,000 miles per second there 
are 251 coulombs per second or 251 amperes to be disposed of. 
Dividing 100,000 by 250 gives 400, which if true resistance would 
just let this surge escape without reflection if used.as a series 
resistance to the vent or arrester. If the potential of: the in- 
coming surge is higher or lower {the charge per mile ‘becomes 
correspondingly higher or lower, and this critical value of resistance 
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would remain the same. If there were some kind of recording 
meter capable of operating under such conditions, placed where 
the vent is connected, it would leave a record of the potential of 
the arriving charge, or to some degree the contour of the wave 
or surge. If a resistance greater than the critical value is used 
there will be a partial rise and reflection and a partial escape; 
but if the resistance is of less value the surge of potential striking 
the transformer windings will be similar to the contour of the 
incoming wave but of lower value. If, in the extreme case, 
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Pic. S.—Operation of expulsion fuse. Voltage, 38,000 to ground. 
Capacity on circuit, 5000 kw. Length of line, 23 miles. Fuse wire of 
No. 30 copper. Upper curve of oscillogram shows current; lower curve 
the electromotive force. 
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there is noresistance, the charge will escape as rapidly as it arrives. 
In the case of the pipe and elastic fluid of the analogy, if the 
vent is too large the inertia of the moving fluid might produce 
a partial vacuum with a resulting return flow or oscillation. 
This may, of course, also occur with the electric discharge but 
it is posgible that the inevitable resistance of the ground connec- 
tion will limit an, such effect. 

From the above considerations it appears that the series re- 
sistance of am arrester should be very low and not greater than 
400 ohms. in any case, if the arrester is properly to serve its 
purpose.» The reasoning and calculation given is perhaps a 
rough way of reaching thc result, but it is on the whole not far 
from the truth, and it 1s in accord with the writer's experience. 
No exact formula can, of course, be applied absolutely to such 
irregular phenomena, but if the general assumptions are cor- 
rect the result forms a guide sufficient to enable us to recog- 
nize and dispense with useless devices. 

Having disposed of the series resistance from one consideration 
it is found, however, that no arrester with a reasonable gap will 
disrupt its dvnamic arc if the circuit is carrying power from 
generators of large capacity unless the power current is limited 
in some way. 

Bv the use of multigaps of non-arcing metal of such number 
that a rise of 300% will just break over, and then adding an equal 
number of gaps shunted bv resistance, an arrester may be made 
which on moderate power will disrupt its arc without the use of 
series resistance; but if the gaps are limited to such a number as 
to break over with a potential of from 150 to 200% of normal 
and there is no limiting resistance, the arrester will almost invari- 
ably burn up before many discharges have passed over it. 


A CoMPARISON OF ARC-SUPPRESSING DEVICES. 


The two devices most generally used for disrupting the arc 
in an arrester are the horn-type gap and the non-arcing metal 
multigap. On circuits where the power is so limited that the 
short-circuit current is not more than 50 amperes, either device 
should work without series resistance. Where the power is very 
large, however, as on the usual transmission line, the non-arcing 
metal is superior to the horn-type, in that the arc is easily sup- 
pressed with a much lower resistance, and suppressed more 
quickly. 

It was found on a voltage of 38, 000 to ground from a three- 


Fic. 9.—Operation of expulsion fuse. Voltage, 38,000 to ground. 
Capacity on circuit, 5000 kw. Length of line, 23 miles. Fuse wire of 
No.22copper. Upper curve of oscillogram shows current; lower curve 
the electromotive force. | 
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phase 7500-kw. plant that 300 ohms were sufficient with the 
non-arcing multigap type, while 1000 ohms were required for 
the proper operation of the horn-type. Thisshows that the devices 
are comparable in arc-suppressing power,but that oneis much more 
powerful than the other, and in operating causes less disturbance 
to the circuit, because it takes so much less time to do its work. 
On the other hand, the horn may be placed out of doors, if neces- 
sary, while the multigap should be under cover. 

Multigap devices for the higher voltages are, however, subject 
to some peculiar troubles of their own. In regard to the matter 
of the voltage at which a multigap arrester will break over, an 
important fact has been demonstrated: the influence of the 
potential surrounding bodies has a marked effect on the break- 
over voltage. Forinstance, an arrester of the multigap type 
that would break over at 75,000 volts when located in the open 
or away from walls or ground would, when placed near the ground 
is mounted between cement barriers, spark over at 40,000 volts. 
Theability to disrupt the arc apparently falls in about thesame 
proportion. This phenomenon is the result of unequal distri- 
bution of the potential stresses over the various gaps. If the 
potential gradient over the gapsis uniform, the maximum break- 
down value will be obtained. The influence of surrounding 
grounding material is to increase the steepness of the gradient 
near the line end of the series of gaps and flatten it at the ground 
end. <A metallic shield near the line end of the gaps which is 
connected to the line will correct this gradient and bring the 
breakdown value back to normal. For the higher voltages, 
multigap arresters should be protected in this way,if mounted 
in close proximity to grounded material. 

Another peculiar fact has been noticed regarding resistances 
of various materials. ‘Tests on a number of materials have been 
made to determine their suitability for use with lightning-arrest- 
ers. The tests consisted principally in discharging a large con- 
denser which had been previously charged to 50,000 volts, 
through the resistance and measuring the potential over the re- 
sistance by means of a spark gap. The length of this gap is 
called the "equivalent spark gap." It is arough but fair method 
of determining the comparative freedom of discharge through 
resistances. In measuring the equivalent spark gap of true 
resistance, it is found that paralleling two resistances halves the 
equivalent gap, while putting them in series gives an equivalent 
gap of twice that of asingleresistance. Electrolytic and metallic 
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resistances usually come in this class, while carbon, carborun- 
dum, and graphite have an entirely different characteristicin that 
the equivalent of a stick or bar seems to bea function of its length, 
and several bars in parallel will give an equivalent gap prac- 
tically the same as single bar. It has been suggested that such 
granular material acts under static discharge as a mass of 
conducting particles partly in contact, and the effect is thatof 
a series of minute gaps in the resistance. 


THE Gap AND FUSE ARRESTER. 


Considering the effect of a resistance on a discharge path 
according to the mechanical analogy, it appears desirable at 
times to provide something in the nature of an abso- 
lute relicf vent. A gap and a fuse of fine wire serve this 
function best, but the fuse should be of either the enclosed 


Fic. 10.—Current and voltage on 12,500-volt unit of electrolytic 
lightning-arrester. Volts. 9000; amperes, 0.2. 


form or the expulsion type. An open wire fuse will almost in- 
variably take so long to suppress its arc that it islikely to open 
the circuit-breakers, while the same wire enclosed in a tube will 
open its arc in one or two alternations. There are shown here- 
with photographs and oscillograms of fuses blown on a generator 
capacity of 7500 kw., three-phase, and at 38,000 volts from one 
leg to ground. It may be seen that the No. 30 copper wire 
opened at the end of one alternation, while a No. 22 copper 
wire lasted two full waves. The fuses were blown at the end of 
23 miles of line but no serious rises of potential are shown. 
With the larger fuse, the first voltage wave after the fuse opened 
shows a rise of about 20°55. The cireuit-breakers were not 
tripped at any time. 

Experience shows that several gaps and fuses may be 
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placed in parallel, and usuallv only one fuse will blow at a time. 
From the fact that so little secondary disturbance is caused on 
the line, such fuses appear to be an excellent expedient to use 
where the lightning disturbances are liable to be too severe to 
be relieved bv a seli-restoring arrester. 


pav cere 


THE ELECTROLYTIC ÀRRESTER. 

As may be seen, what is really needed is a device having 
the characteristics of a safety valve, that is; something that 
will hold the operating pressure at all times, but furnish such a 
free vent that no pressure much above the normal can be main- 
tained, no matter how suddenly such abnormal pressure may 


Fic. 11.--Current and voltage on 12,500-volt unit of electrolytic 
lightning-arrester. Volts, 12,250; amperes, 0-41. 


occur. Such a device has been found in the aluminum  electro- 
lvtic cell. ü | 
In certain electrolytes, aluminum forms а non-conducting 
film on its surface. This film is very thin, cómparable in dimen- 
sions to a wave length of light-—-but in a suitable electrolyte will 
withstand a voltage of 380 to 400. Above this voltage, the film 
wil be punctured with mvriads of small holes letting a large 
current through, but resealing again as soon as the pressure is 
reduced. The equivalent spark gap of such a cell isa function 
of its dimensions, and it 1s a simple matter to make a unit for 
10,000 volts which will have an equivalent gap representing 
12,500 volts. Ifa gap which will also break at 12,500 volts be 
placed in series with the cell unit, the equivalent gap of the com- 
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bination will still be approximately 12,500 volts. Inother words, 
the severest discharge from a condenser representing several 
miles of line and charged to 50,000 volts, will pass through the 


a 


- 


Fic. 12.—Total are on horn gap with 25,000 volts, 25 cycles. 


device without a potential of more than 12,500 volts existing 
over its terminal. 


. Apparently this cell can be connected in series with a Suitable 
gap between cach line and ground, and will suppress all abnorinal 
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rises of potentialatthat point. Astothe kind of gap, a non-arcing 
` multigap has been found very satisfactory while a small horn gap 
seems to work nearly as well. The power current taken being 
less than one ampere, the arc rises а few inches on the horn and 
goes out quietly. At this time no statement can be made as 
to which form will prove the more desirable. 

Fig. 12 shows the total arc formed on a 25,000-volt, 25-cvcle 
circuit. That is, the exposure has continued from the time the 
arc first started at the bottom of the gap until it broke at 
the top. The total height of the arc travel is about 10 in., 
and the arc broke when about 5 in. long. This arrangement has 
been used up to 40,000 volts. 

The oscillograms shown in Figs. 10 and 11 represent the voltage 
and current characteristics of a 12,500-volt unit. The applied 
voltages are 9000 and 12,250 respectively, and the currents are 
all less than one ampere. Тһе smooth curve shows, of course, the 
voltage, and the irregular one the current which is about 70? in 
advance of the electromotive force and is largely condenser 
current. In the test shown in Fig. 10 the applied pressure 
was about 9000 volts effective which was such a value that the 
maximum of the electromotive-force wave was just below the 
breaking through point of the cell. The small humps on the 
upper halves of the current waves show that, in fact, there was 
a slight breaking through at the point of maximum electro- 
motive force. Fig. 11 shows how this breaking down or 
puncturing of the film has been increased by a moderate ійсгеаѕе 
of voltage—-the effective applied voltage in Fig. 11 is 12,250. 
The current taken by the device may be divided into two parts 
and called for convenience '' condenser ” and “leakage ” currents. 

They both exist at all times when an alternating electromotive 
force is applied, and one is wattless while the other represents 
power. As the voltage is increased, both condenser and leakage 
current are increased, but during the period while the electro- 
motive force 15 highest, there begins to be increasingly large 
leakage current. The unsymmetrical shape of current wave 
which appears in Figs. 10 and 11 is due to the fact that the 
aluminum plates are,in tray form and the exposed plate area 
in one direction is less than that in the other and the solution 
in contact with the lesser area is more dilutethan theother. As 
the voltage is still furtherincreased,a verv acute peak develops 
near the maximum point on the electromotive-force wave. A 
surge or electromotive force peak from any other source is al- 
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lowed to pass and relieve the line, exactly as in the case of a safety 
valve, while the power current, which can follow is insignificant. 

In general it can be said that the electrical characteristics of 
this device are ideal for the purpose, but there were manv mechan- 
ical difficulties met with in making it in a form suitable for 
commercial use. Nearlvallthe dithculties have been overcome, 
but an endeavor is being made to test out all possible points in 
service. E 

It is to be hoped that the long looked for protection against 
all potential rises has been found. It is needless to sav that 
no effort will be spared to make it fulnl its promises. 
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Discussion on “ THE AuDION: A NEW RECEIVER FOR WIRE- 
LESS TELEGRAPHY," NEW YORK, OCTOBER 26, 1906. 


Michael І. Pupin: Ihavehad some experience in the con- 
structing of detectors of electrical waves. І alwayscall them de- 
tectors, because, as a friend of mine said the other day, there 
are SO Many various detectors now that one is tempted to believe 
that anything will do to detect an electrical wave. In the course 
of the development of the art of telephony, any schoolboy could 
make a telephone that would receive electrical impulses; so in, 
wireless telegraph work. the number of detectors seems to be in- 
creasing indefinitely— good, bad. and indifferent detectors appear- 
ing indiscriminately. If there must be a new name for each new 
detector—a new name for evervthing that comes up in the course 
of the development of the electrical art—prettv soon the science 
of electrotechnics will be a maze of new names; and the learning 
of the names will be much more ditticult than the learning of the 
facts connected with the art. For that reason I am opposed to 
new names. Although Dr. De Forest is very enthusiastic about the 
elegance of thename audion, I must sav that I am not very much 
impressed bv it. It is a mongrel. It is a Latin word with a 
Greek ending. If he had said acouion or acousticon it might 
have been better, but more difficult to pronounce. 

This 1s certainly a new wave detector used in actual wireless 
telegraphy. The phvsics of the thing is old. It was Hittorf, 
who, over Бү vears ago, in 1850. І believe, discovered that 
in a vacuum tube in which even v erv high electric tensions would 
produce no perceptible discharge. the heating of the cathode 
facilitated the passage of electricitv to such an extent that a 
small electromotive force, a few volts, would produce perceptible 
current. I think that was the first observation of the kind. 
After that the number of men who enyaged in this branch of fas- 
cinating research became legion. The literature of the subject 
is well given in J. J. Thompson's book on “Discharge of 
Electricity through Gases.” Iam much interested in the sub- 
ject, because one of my colleagues, Professor Tufts, has made 
some interesting investigations in that field, particularly in 
regard to the passage of electricity through hot gases con- 
taining a spray of salts at ordinary pressures. Dr. De Forest 
devotes some attention to this subject in the first part of his 
paper; but for reasons which are evident from the paper, 
he abandons this form of, I wont say audion, but wave de- 
tector. Не abandons it, because itis variable, and resorts 
to the vacuum tubedetector described in the paper. I think 
that 1s a clever step indeed, because one can see at a glance that 
this wave phenomenon which he first observed in connection 
with the passage of electricity through a hot gas at ordinary pres-- 
sures, through flames of arc lamps, etc., might exist also in vac- 
uum tubes, and that one would expect here a v ery much greater 
steadiness and reliability, and that, of course, is one of the highest 
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desiderata in any technical work, particularlv in wireless tele- 
graphy. In this Dr. De Forest seems to have been successful. 

I should have been verv glad if Dr. De Forest had given a brief 
historical account of the subject, and thena brief statement of the 
physical theory of the whole matter underlying his invention. I 
think the paper would have been very much more easily understood 
by those who are not well acquainted with this part of the electri- 
cal science. I think we all feel that the matter is somewhat 
outside of our ordinary lines of work; it is a new subject. 
a subject that has been so far mostly in the hands of physicists 
and not electrical engineers. I hope that Dr. De Forest will, in 
the final publication of this paper, contribute a brief history and 
a brief statement of the physical theory of the subject for the 
benefit of the members of the American Institute of Electrical 
Engineers. As Dr. De Forest states frankly, it is difficult to ex- 
plain the phenomena that one meets with when one tries tomake 
a wave detector from a vacuum tube with a hot electrode. 

What we have there is the hot electrode from which negative 
10ns recede, and then we have the cooler plate, which is negative 


with respect to the hot electrode. | When external elec- 
trical tension. is applied to these electrodes, we have a 
considerable leakage current. We call it a leakage current 


for want of a better name; it is an electrical current. This 
electrical current is steady, according to Dr. De Forest, and this 
in fact, is the most remarkable point in his paper; it is steady 
under all conditions, no matter whether electrical waves strike 
the oscillating circuit of which the tube is a part, or not. It is 
steady as far as a milliammeter can tell. It is not steady as far 
as the telephonecan tell. Now,if the effect of thehertzian waves 
is to produce a unidirectional current, or rather if the effect of 
the wave isto rectify the hertzian waves—tolet either the positive 
or negative parts of the wave pass through unhindered— 
why should we not be expected to perceive this in the milliam- 
meter? We do not perceive it, and therefore we cannot suppose 
that these waves are rectified. Theonlv other thing we can guess 
as probably happening is that the oscillation passes through the 
whole circuit; but on account of some effect upon the gaseous 
part of the circuit—the resistance or the diminution or increase 
of some of the other reactions —the original currentis strengthened 
very much at certain intervals during one-half of the waves, 
and weakened during the other half, or strengthened during each 
side of the wave. This, as Dr. De Forest points out, is alsoim- 
possible to believe, because the oscillations being so rapid, could 
not very well pass through the winding of the telephone in the 
first place, and in the second place could not be expected to pro- 
duce a large magnetic effect upon the diaphram; because 
magnetization and demagnetization of the permanent magnet 
in the telephone would not follow these rapid electrical 
oscillations. That seems to me to be one of the most difficult 
points to understand in the paper. That 15 the stumbling 
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block in our understanding the modus operandi of the whole 
thing. Why does it operate? I have no explanation to offer. 
It would be presumptuous on my part to offer one, even if I had 
one to offer. If Dr. De Forest cannot explain it, I certainly 
cannot. But I have one suggestion to offer, and here it 15: 
for quite a number of years, I have employed a telephone for 
detecting faint sounds, faint differences of potential, and faint cur- 
rents. I find that the telephone is one of the most tricky instru- 
merts опе сап use. It willlead one to draw dangerous conclusions. 
The most misleading point in the detection of faint electromotive 
forces by the telephone is to distinguish between electromag- 
netic effects and electrostatic effects. The sensitiveness of the 
telephone has been estimated variously from 10/5 to 10% 
amperes. Now that is avery high degree of sensitiveness. 
It would be if it were correct. Itis пої correct. The telephone 
is not so sensitive as that, and I believe that those who made 
these determinations did not measure the right thing. If thev 
had measured the current when they were determining the 
sensitiveness of the instrument, they would have found that 
the thing measured was not the current passing through the 
telephone coils, but in all probability the current which went 
through the body, all along the floor—the leakage current— 
which affected the magnetic force in the telephone which pro- 
duced the sound. I navebeen misled that way quite a number of 
times. Whenever I see any one using the telephone in making 
observations I always look askance, and ask myself: has not 
this man been deceived in his calculations? Ido not want to imply 
that Dr. De Forest might have been deceived in his measure- 
ments; I only want to say that when it is said the sound 15 heard 
the question arises in my mind what produced that sound—1is 
it the variation of the current which goes through the winding 
of the telephone, or is it the variation simply of the potential in 
the whole room, in his body, and in the windings of the telephone? 

Percy H. Thomas: Apparently we have come across another 
example of apparatus illustrating the new theory in electrical 
science, an apparatus depending for its operation on the activity 
of corpuscles or ions. The audion probably will not introduce 
any fundamentally new principles when its operation 15 fully 
explained. The thing that interests us particularly at the present 
time is whatis the nature of the ions and corpuscles. On this, 
scientists are not agreed, but there are a good many charac- 
teristics that are commonly accepted which will assist greatly 
in understanding such types of apparatus as the audion. 

We тау consider that electricity 1s either ‘‘corpuscles ” or is 
connected directly with corpuscles. Ву corpuscles, or ''electrons"' 
as they are sometimes called, I mean those very small particles, 
approximately the 1-1000 part of hydrogen atoms with which 
we are all familiar. These corpuscles, then, when at rest, are 
static electricity, and as such are attracted by an electrostatic 
or''static" charge; that is, are sensitive to an electrostatic field but 
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are not affected bv electromagnetic influences. When, however, 
these corpuscles or particles are moved rapidlv (and they move 
extremely rapidly, anywhere from comparatively slow velocities 
to nearly the velocity of light) thev are the equivalent of electrical 
currents, and as such are subject to the influence of magnets. 
and themselves produce magnetism. 

These corpuscles, figuratively speaking, may be looked upon 
as comets, or planets, or suns in space, for when they are free 
in a vacuum they move about under the influence of the various 
forces, electrostatic or electromagnetic, as may act on them, 
either in straight lines or curved lines, as the resultant force mav 
require; when distributed through space filled with air or other 
gases their free movements are impeded and thev bump against 
one another and come in contact with the molecules of the vases, 
and consequentlv are unable to go steadilv in the direction in 
which they mav be attracted : and further, they often attach them- 
selves to some atom or molecule or аџргераїе of molecules 
which again limits their motion. 

As Dr. Pupin has stated, where vou expect to utilize the 
motion of corpuscles, there is usually a great advantage in 
putting the apparatus in а vacuum. Like sodium or chlorine 
and many other materials corpuscles do not ordinarilv 
exist in a free state. They are, usually closely associated 
with molecules, in which condition thev do not manifest their 
characteristic qualities. If vou want to use them vou must 
separate or isolate them. There are m inv wavs of freeing them 
from matter.  Corpuscles are frequently separated from 
ап or other gases as, for example. by radiations from N-rav 
tubes; the waves that come from the X-ray tube, or the Crookes 
tube, by some mysterious process set free corpuscles from the 
gas molecules; or as stated in the paper the operation may be ac- 
complish ed by letting ultraviolet light fall on certain metals. Cor- 
puscles can be produced by the are or a flame, as in the original 
audion, and in many other wavs. Thev can be separated from 
solids and liquids, as in the Cooper Hewitt lamp. where thev 
are produced in great quantities, in all probability from the elec- 
trodes themselves. The various starting methods used in Cooper 
Hewitt apparatus serve in different ways to initiate a freeing of 
corpuscles. This process 15 much easier to continue than to 
start. There are a number of well-known types of apparatus 
which are illustrations of the action of corpuscles. 

First, the Geisler tube, in which bv a strong electrostatic force, 
(that is by a high potential) corpuscles are either detached from 
the electrodes or separated from the residual gas which is pur- 
posely left in the tube so that there is an agitation of the gas 
atoms in the vapor space which causes them to emit light. Atoms 
of different substances give different colors. of light. 

Secondly, the Crookes tube, in which practically the same phe- 
nomenon exists, except that the residual gases are extracted so 
that the corpuscles though forcibly driven through the tube as 
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before, give no light. They meet no obstruction and produce 
no visible effect. unless there is some fluorescent matter in the 
tube upon which they may impinge and cause it to give light. 

Thirdly, Cookes tubes may be used for the purpose of getting 
waves, electromagnetic waves of some form or other, as in case of 
the common X-ray tube. Here the useful waves are produced 
by the impact of the corpuscles on an electrode of some sort. 

Fourthly, the ordinary electric arc is presumably the forcing 
of a large number of these corpuscles from one electrode to another 
having them come in sufficient force and numbers to crowd cack 
the atmospheric pressure and keep the gas molecules to one side. 
A large number naturally escape to the surrounding air, which 
is then said to be ionized. 

Fifthly, the Moore vacuum tube which isin many ways simi- 
lar to the Geisler tube. 

Sixthly, the Cooper Hewitt mercury vapor apparatus, since it 
passes current through a vacuum must,according-to this theory, 
be also a corpuscle operated device. Неге there is a drawing 
of a large number of corpuscles from the negative electrode which 
in the case of the lamp excites the vapor in the tube, so that it 
will give light of its characteristic color. In the Cooper Hewitt 
{уре of apparatus there is this difference, however that by 
virtue of the perfect vacuum and the large quantity of 
current or corpuscles, very little electromotive force 1s required 
to force them from the electrode; and there are other important 
differences. In the Crookes tube where the number of corpuscles 
in motion is very much smaller, a great deal of electrostatic force 
is necessary to separate them from the solid electrode. 

Now in the audion we have a means of producing corpuscles, 
and we have a vacuum which allows more or Jess freedom of move- 
ment. We have a further means of controlling and directing 
these ions, that is, the additional batterv electromotive force 
called B. The operation of the device depends upon the effect 
of the waves which come in on the transmission circuit which, 
in some wav or other we do not now understand,so affect 
the action of the corpuscles which have previously been separated 
as to make a sound in the telephone. 

I have spoken of corpuscles 1n connection with the audion as 
though thev alone were the important factor while the paper 
speaks of ions. .\nionis generally taken to be an atom to which 
is attached a corpuscle, or from which a corpuscle has been ab- 
stracted, and the determination as to whether the corpuscle acts 
entirely free of the atom ts not finally settled. 

The explanation which is suggested for the curious relay action 
of the audion, that it depends upon a virtual change of dielectric 
capacitv in the vacuum space, 1s certainlv an ingenious one and 
might turn out to be the correct one. There 15 one question I 
would like to ask Dr. De Forest. Do I understand that he pre- 
sumes the action depends on the ionization of residual gases within 
the vacuum, or is the vacuum so perfect that the ions or elec- 
trons come from the electrodes themselves? 
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Lee De Forest: I think it 1s due to the ionization of the resi- 
dual gases; the gases still exist in the lamp, because the vacuum 
15 only that which obtains in all incandescent lamps. 

Sewall Cabot: Dr. De Forest savs: ‘* The Audion to a greater 
extent than anv other responder is self. tuned. Does this con- 
dition of self-tuning refer to change in the electrostatic capacity 
of the audion, thus altering the oscillation pitch to which the 
closed circuit having capacity and inductance is resonant? Or 
does it simply refer to tuning to the spark frequency on the 
assumption that with certain adjustments the audion will become 
most strongly responsive to a definite frequency of spark which 
is within the audible range of frequencies? 

Lee De Forest: Both effects are really present. Where the 
"tuning of the audion is regulated by changing the distance 
between the two electrodes, as in the last case described, where 
the two wings are hinged, and drawn to or taken from the 
filament by a magnet, we have there the change of capacitv. In 
the other case, where the distance between these and the heating 
current or the filament remains unchanged, we merely vary 
the potential across the рар. It is rather difficult to explain this 
tuning effect on the ground of merelv changing the capacity. 
This may be varied by the variation of potential difference but. 
as I have said, even though the wave frequencies of the two 
transmitters are as nearly the same as it is possible to make 
them, one spark frequency being 125 per second and the other 
60 per second, the change of the batterv B from 12 to 14 volts 
makes a great difference between the response of the audion to 
A or B. [think this selectivitv is due rather to the integrat- 
ing effect of the energv received during a brief unit of time. I 
won't attempt at this time to enter into a greater explanation 
than that. I think both effects are present. 

Sewall Cabot: 15 it true that the capacitv of the audion can 
be changed through relatively large values so as to produce a 
considerable change of resonant frequency in a closed circuit 
when it is across the condenser? Thus connected, the capacity 
of the audion would presumably be very small with regard to the 

capacity used to bring the closed resonant circuit to the point - 
of resonance 1f sharp tuning is obtained. 

Lee De Forest: Yes; the capacity of the audion measured in 
that way is very small; a very small condenser put in shunt across 
it silences the response. Presumably, then, a considerable separa- 
tion of the wings will not relatively change the tuning of the 
closed resonant circuit. The principal effect in tuning is with 
regard to the spark frequency. 

J. B. Taylor: While I do not consider mvself an expert on 
wireless telegraphy, it happens that I have made experiments 
on apparatus similar to that under discussion. I have operated 
a mercurv-arc, with a single cathode and two anodes, from a 
storage- -battery. The number of cells was no more than ѕиҝ- 
cient to maintain the arc, so that it was in а 'somewhat sensitive 
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condition. In another part of the room was a 25,000-volt step- 
up transformer, and it was noted, after a spark from the trans- 
former, that the mercury-arc had gone out. This was at first 
supposed to be only a coincidence; but the experiment was re- 
peated a number of times with the same result, the arc going 
out immediately on the striking of the high-tension spark. 
Plainly, we had an arc detector for wireless signals similar to 
the audion. А note was made of the matter as something to 
be looked into in more detail at some future convenient time. 
I merely cite this to show that there is much resemblance between 
the mercurv-arc, in fact any arc, and what in the audion I regard 
as an arc-stream between the incandesc ent filament and the 
plates. 

The author's explanation of the modus operandi of the audion 
seems to me to be too complicated to stand much chance of being 
correct. When something new comes up for explanation we 
should take the simplest view of it first. Instead of immedi- 
ately calling in the aid of ions, corpuscles, and other things of 
which we can have little physical conception, we should leave 
these as a court of last resort, to be called in only when simpler 
theories fail to account for the observed facts. 

As described in the paper, there are many points in common 
between the audion and mercury-vapor apparatus. This re- 
semblance, and some slight acquaintance with the mercury-arc 
induces me to offer an explanation with less (E ions and more of 
the science of acoustics. | 

An organ-pipe may have the stream of air so directed that the 
pipe just failstospeak. Another pipe by sounding may cause it to 
speak, or even snapping the fingers may give the same result. 
The sound from another source carries just enough energy to 
upset thebalance, tomake a stable condition unstable. Similarly 
in the device under consideration this evening, the arc-stream is 
just on the point of vibrating and needs onlv a slight impulse to 
trip it. Here is an arc-strcam in a very sensitive state ready to 
make a noise in the telephone, ready to vibrate or to start a new 
current-stream from another portion of the anode. The high- 
frequency wireless impulse need have only suthcient energy to 
make the stable condition of the arc-stream unstable. Thereisa 
short interval of time before the current in the arc becomes steady 
again, and it is in thisinterval that the telephone receiver givesits 
sound. I have not had the pleasure of listening to the audion; 
but I do know that a mercury arc-stream has a very definite vi- 
brational period, as evidenced by the musical sounds heard in 
a telephone receiver. 

This acoustical theory also may explain the БИБ, to spark 
frequency. It being apparent that great sensibility would be 
obtained if the recurring impulse (as determined Ъу spark 
frequency) coincide with the natural period of oscillation of the 
arc-stream itself. 

The point 1s made that the reading of a direct-current meter 
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shows no change, at the same time the telephone receiver gives 
evidence of fluctuating current. Dr. De Forest does not give 
the type, nor the sensibility of the direct-current instrument 
used. The current may increase or decrease, and the instrument 
notshowit. Ifthe sounds are due to vibrations of the arc-stream 
the resulting current would be very much like a direct current 
with the addition of a small alternating current, and a direct- 
current instrument will not show this so long as the alternating 
currents are relativelv of small value. 

I do not understand the analogv drawn between the hvsterisis 
loss in ion; that is, put through a complete magnetic cycle, and 
what 1s termed, hvsterisis loss in the audion. In the case of iron 
we supply a certain amount of energy, and a less portion of this 
same energy is returned, the difference being lost. In the audion 
I cannot see that there 1s stored energy in any form, so that it 
seems improper to speak of hysterisis losses in this case, merely 
because ascending and descending curves do not coincide. 

Dr. De Forest makes a distinction between the relay action ot . 
the device as used by him, and the rectifving action of a similar 
piece of apparatus in the hands of others. This distinction seems 
quite proper, as the amount of energv available at the end of anv 
commercial wireless transmission must be altogether too small 
to give any direct, evidence of its existence to our senses. 

Edward P. Thompson: А former speaker has alluded to the 
great importance of knowing the complete causes of the click in 
the telephone. Suspecting that an audible sparkis produced in the 
telephone, sometimes, bv the leakage of the oscillations to the 
diaphragm, I used a telephone casing without any magnet or 
diaphragm, providing the smallest possible spark-gap inside, 
by two wires almost in contact. By using this spark-phone 
instead of thetelephone, but at short wireless telegraphic dis- 
tances only, the same click was heard, and it was loud, because 
the sparks were produced in a small confined space close to the ear. 

The probable conclusion is that the click in the telephone, 
although usuallv produced bv electromagnetic action, mav also be 
thedirect sound of avery smalland eveninvisiblespark. Caution 
should be taken to experiment at short distances only, for it 
is obvious that the so-called spark-phone consists of a hertzian 
spark-gap detector in a confined space, with a listening opening 
to be placed close to one's ear. 

Frederick K. Vreeland: While listening to this paper I was 
impressed bv the striking similarity between some of the phe- 
nomena Dr. De Forest has pointed out, and certain actions that 
occur in electrolytic cells. We know it 1s quite the fashion now 
to point out the analogy between the behaviorof electronsor ions 
in a gas and the behavior of the ions in an electrolytic solution; 
and although these analogies will not alwavs bear the test ot 
strict scientific scrutiny, they are sometimes very suggestive. 
Dr. De Forest has pointed out that in this audion there 15 a pro- 
duction of ions in the neighborhood of the hot filament, and has 
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also shown that these ions are concentrated mainly in the vicin- 
ity of that filament. The ions in this case are produced by the 
heating of the filament. But if we take an electrolytic cell— 
for example, a pair of platinum electrodes immersed tn acid— 
and connect a source of electromotive force across 1t, we shall 
also get а collection of ionson the anode and a collection of 
Opposite ions on the cathode. The electrodes are said to 
be polarized. The distribution of potential in the electrolytic 
cell 1s somewhat analogous to that in the vacuum tube of the 
audion, and we can reproduce some of the phenomena that Dr. 
De Forest has called our attention to. For example, Dr. Pupin 
discovered vears ago that if we take such a cell with very small 
electrodes, connect a battery in series with it and polarize it, 
that that combination of cell and batterv is capable of rectifying 
an alternating current. The current will flow through it in one 
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direction, but it will not flow through it in the other. Now, 
that 1s a rather close analogue to the arrangement of Professor 
Fleming. to which Dr. De Forest has called attention—his 
“ oscillation valve," as Prof. Fleming called it. As vou will re- 
member. he took one of these hot-flament tubes and connected 
it in series with a source of electromotive force and a galvano- 
meter, and he got a rectification. Пе explains that phenomenon 
if I remember rightlv, by the fact that the negative corpuscles, 
being so much smaller and more mobile and having a higher 
velocity. are more easily set in motion than the positive elec- 
trons which are gathered at the other terminal, and conse- 
quentlv the current will flow more readilv in one direction than 
in the other. 

Now, regarding ће“ polariphone " receiver, if Dr. Pupin had 
been in the position I was in when I coined that name, I think 
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he would have found it awkard to say “An electrolytic wave de- 
tector which operates by anodic depolarization." Polariphone is 
not quite so beautiful as audion, but it suggests the fact that the 
thing works bv polarization and that the result isa sound. In 
the polariphone cell there is a very minute anode, and usuallv 
a larger cathode, and thecellis polarized by a dry battery. As you 
increase the voltage across the cell at first you get no current, 
but when vou reach a certain point a current will begin to flow; 
very minutely, it 15 true, but still it is a current, and that is at 
a point below the voltage ordinarily known as the decomposition 
voltage of the electrolyte, which is about 1.7 volts. The current 
commences at a point below that and graduallv increases, the 
curve running almost parallel to the voltageaxis, showing a small 
increase of current for a large increase of electromotive force, 
and finally reaching a critical point b where the curve turns over 
and you get a large increase of current for a small increase 
of electromotive force. If vou polarize the cell to about that 
point it is sensitive to electrical oscillations, just as the 
 audionis. These oscillations pass through the cell, depolarize it, 
and as aresult of the depolarization, the counter electromotive 
force is diminished and a large current flows from the battery 
and gives an impulse to the telephone. Comparing this with 
Dr. Pupin's rectifier, we find a very similar relation to that 
which appearsin the comparison of Dr. De Forest’s audion with 
Professor Fleming's oscillation valve. Itis vastly more sensitive 
and it performs a function which is not rectification—it 15 rather 
a relay effect, such as Dr. De Forest ascribes to the audion. 

As to the question why the current does not effect the ammeter, 
І ask Dr. De Forest if 1t 15 absolutely certain that the current 
which affects the telephone is not a unidirectional pulsating 
current? The reason I ask this is that in the polanphone re- 
ceiver youcan get by suitable adjustments a similar pheno- 
menon- : you can get а very distinct and even loud signal without 
any increase of current which will affect the instruments ordin- 
arily used for measuring these currents. We all know the 
telephone is an exceedingly sensitive instrument, even dis- 
counting the figure that Dr. Pupin repudiates. Instead of saying 
that jit is sensitive to 10 !! ampere, suppose we say it is only 
sensitive to the millionth of an ampere.. Thatis avery conserva- 
tive estimate. Telephones are certainly sensitive to that current. 
A current of a millionth of an ampere would not affect any of 
the instruments that one would be likely to use in measuring 
such an effect. 

Lee Deforest: I think that statement is correct. 

Frederick K. Vreeland: Isit not possible voudid have a uni- 
directional pulsating current sufficient. to affect the telephone 
and not sufficient to affect the instrument vou were using? 

Lee De Forest: That is conceivable with extremely faint 1m- 
pulses, but at the same time I got signals which could be de- 
seribed as tremendously loud in the telephone, and no change 
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of deflection, so I had no reason to suppose that as these signals 
became weaker in the telephone they would become unidirec- 
tional. There was no reason to suppose thev should, when thev 
are weak, give an effect entirely lacking when thev are strong. 

Frederick K. Vreeland: Then vou incline, as I understand 
vou, to the belief that the currents in the telephone were reallv 
alternating currents and did reverse. 

Lee De Forest: Yes. 

Frederick K. Vreeland: Then as Dr. Pupin savs, that is an 
interesting point. 

I do not set forth these analogies as strictly scientific parallels. 
I do not know just how far we could push them into a refined 
analvsis of the question, but thev are certainly suggestive, and 
I think they tend to crystallize our ideas as to the relation be- 
tween the ionic phenomena in gases and those in electrolytes. 

Lee De Forest: Dr. Pupin's opening remarks may serve as 
an argument why the study of Greek and Latin should be thor- 
oughly introduced into our engineering schools. My knowledge 
of Greek is almost nil; I knew, however, that “aud” was of Latin 
and “чоп” of Greek derivation. But they are both expressive. 
Where we use a term one hundred times а day, it is necessary to 
have something brief; we could not expect the wireless tele- 
graph operators to use a long technical description of the 
apparatus in speaking of it,and when several types are in use 
it is necessary clearly and briefly to distinguish them 

As to why the milliammeter or sensitive direct-current 
instrument would not show апу deflection at the time the 
telephone responded, we know that the sound wehear in the 
telephone reproduces of course the spark frequency. These 
impulses if they are all in one direction, and sufticiently 
close together and are of sufficient intensity, must produce an 
effect on the sensitive direct-current instruments. The only 
reason why they donot produce an effect must be that they are 
alternately in one direction and the other. With an oscillograph 
we would find out just what their curve is. I hope some day to 
do this. They are undoubtedly alternating, rather than puls- 
ating. I hope to have the privilege of showing the audion in 
operation to some of the members of the Institute, and letting 
them hear the signals. I would like Dr. Pupin especially to hear 
them. The intensity of the sounds 15 at times so great that he 
will surely admit that thev are caused bv an electromagnetic cur- 
rent flowing through the telephone, and not by electrostatic 
effects in the telephone between the core and the diaphragm, 
although the latter effect undoubtedly exists. 

As Mr. Vreeland savs, there are a number of analogies between 
the audion and the polanphone. They both emplov ions or 
corpuscles, as the case may be, and the forms of the saturation 
curves, current and voltage curves, etc., are sometimes similar 
in both cases I believe. however, that the analogies are not 
sufficiently close even to be discussed by lawvers in patent liti- 
gation! . j 
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DISCUSSION ON ‘ EFFECT OF [RON IN DISTORTING ALTERNATING- 
CURRENT WAVE-FoRM”’, AT PITTSBURG BRANCH, OCTOBER 9, 
1906. 


S. P. Grace: The sounds of the human voice are not by any 
means pure tones. Ina single sound will be found what we mav 
call the fundamental tone or that of the lowest frequency and, in 
addition, the harmonics produced by the partial vibration of the 
vocal chords and the resonating air of the throatand mouth. In 
telephone transmission the frequencies which are important 
have a wide range. The lowest are those of the low voice, 
probably none below 100 periods per second, and ranging ра 
to 1500 periods per second. 

When induction-coils containing iron were introduced into 
the telephone circuit, it was found that the character of the 
speech was verv much altered. This 1s explained by the intro- 
duction of new harmonics in new phases on account of the hys- 
teresis in the iron. Some. time ago, in a conversation with Mr. 
Tuttle on the subject of harmonics introduced by hysteresis, I 
suggested that the energv expended in the dielectric between 
cable conductors might possibly be of hvsteretic character, thus 
introducing harmonics. These must of necessity besmall, but some 
investigations will probably be made to determine their magni- 
tude. The subject of the higher harmonics is, therefore, a live 
one with telephone engineers. 

H. B. Tuttle: Theinstantaneouscurrent at someone point of the 
wave was found to be greater than the maximum of the same 
mean-effective current flowing in a sine wave (without iron). 
The curves show that this difference is much more marked in the 
case of those hysteresis loops which indicate the higher satura- 
tion in the iron. Thus it would seem that the quantity of the 
iron rather than the quality 1s the determining factor. 

S. M. Kintner: Replying to the question as to whether or not 
some advantageous use could not be made of the current wave 
distortion which made it quite abrupt in the construction of in- 
duction-coils for gas-engine ignition, I must say that I do not hope 
for anv success along these lines. I look on a spark-coil as a 
device capable of having a certain amount of potential energv 
stored in its magnetic held. This amount of energy сап be sud- 
denlv converted into kinetic energy by the sudden interruption 
of the exciting current, and thus v oltages of considerable value 
are produced in the secondary circuit. Mr. Tuttle's paper 
relates onlv to alternating-current work, and while the current 
wave-form may have considerable distortion, the magnetic 
wave-form will be practically the same as that of the voltage 
impressed. 

The fact that the voltage wave-form, and consequently the mag- 
netic wave-form, can be senously affected by the use of resistance 
in series with the primary circuit 15 quite frequently overlooked, 
with the result that serious errors are caused in the measurement 
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of iron-loss; and quite disastrous results follow the employment 
of resistance in the primary circuit of testing transformers which 
are being used to make dielectric tests on electrical apparatus. 
The resistance has a tendency to peak the voltage wave. 

Regarding the flow of idle currents to ground in a three- 
phase, star-connected, grounded neutral system, it may be of in- 
terest to mention that this is true not only in circuits having the 
third harmonic but also those having the ninth, fifteenth, twenty- 
first, etc. 

A. W. Copley: In the course of some experiments with the 
oscillograph, some curves were taken that show clearly the dis- 
tortion of the voltage wave of a transformer whena sine wave of 
voltage is impressed upon the primary with a resistance in series 
with it. A non-inductive resistance was connected in series 
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Runs 1. 


with the primary of a transformer and a sine wave of voltage was 
impressed upon the two in series. The voltage across the pri- 
mary was about 15% lower than the total impressed voltage. 

A second transformer with numerous taps on its secondary 
was connected across the same mains as the first transformer, 
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and the secondary turns were adjusted so as to give the same 
voltage in amount as the secondary voltage of the first trans- 
former. The connections are shown in Fig. 1. 

In both transformers the secondary voltages will be of sub- 
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stantially the same wave-form as the primary voltages. Inthe 
first transformer the voltage wave-form was distorted on account 
ofthe presence of the resistance inthe primary circuit. The re- 
sistance tends to smooth out the harmonics in the current wave- 
form, and this magnetizing current in the transformer reacts on 
the voltage of the transformer, introducing harmonics into it. 
On the second transformer the voltage wave-form will be the true 
sine wave impressed on the primary. 

These two voltages, equal in amount but a little out of phase 
with each other, were connected in opposition to each other; 
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the result was a low voltage consisting of the out-of-phase com- 
ponent of the main frequency and all the harmonics in the volt- 
age of the first transformer. This wave is shown in Fig. 2. 
The sine wave shown 15 the total impressed voltage. 

To remove the out-of-phase voltage of the main frequency, 
the phase of the voltage in the first transformer was shifted by 
the introduction of an inductance in series and a resistance in 
parallel with the pnmary. The connecting in opposition of the 
two secondaries then gave the curve shown in Fig. 3, which 
shows that the main frequency is almost eliminated and only the 
harmonics remain. 
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